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Intel was organized in 1968 to utilize the rapidly expanding technology of Integrated Electronics. During Its 10-year 
history, Intel has become the world's largest supplier of MOS circuits, and Is in the top five of the world's producers of 
all semiconductor devices. 

This Component Data Catalog provides complete specifications on most of Intel standard memory, microprocessor, 
peripheral and telecommunication components. Industrial grade products are detailed in Sec- 
tion 13, military products In Section 14. Margin tabs provide quick guides to major 
product categories; indexes located in Section 1 and at the beginning of 
each section allow location of specific circuit types. Ordering, 
packaging, prodilct flow Information and available literature 
may be found In Section 2. 

The following are trademarks of Intel Corporation 
and may be used only to describe Intel prod- 
ucts: Intel, ICE, INSITE, Intellec, iSBC, 
Library Manager, MCS, Megachassis, 
MICROMAP, MULTIBUS, PROMPT, 
RM, UPI, /LiScope, PROMWARE, 
iCS and the combination of 
MCS, RMX, ICE, ISBC or 
ICS with a numerical 
suffix. 
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FUNCTIONAL INDEX 



GENERAL INFORMATION 

Table of Contents 
Ordering Information 
Packaging Information 
Standard Product Flow 
Intel Technical Library 
Sales Offices 
Distributors 

RANDOM ACCESS MEMORIES 

SELECTOR GUIDE 
2101A/8101A-4* 
2102A/2102AL/ 

8102A-4* 
2104A Family 
2104A Family , 
2107C Family 
2109 Family 
2111A/8111A-4* 
2112A 
2114 
2115A/2125A 

Family 
2115H, 2125H 

Family 

2117 Family 
2117-5 

2118 Family 
2141 
2142 
2147 
2147H 
2148 

3101/3101A 
5101 Family 



256 X 4-Bit Static RAM 

IK X 1-Bit Static RAM 
4096 X 1-Bit Dynamic RAM 
4096 X 1-Bit Dyanmic RAM 
4096-Bit Dynamic RAM 
8,912 X 1-Bit Dynamic RAM 
256 X 4-Bit Static RAM 
256 X 4-Bit Static RAM 
1024 X 4-Bit Static RAM 

High Speed IK x 1-Bit Static RAM 

High Speed IKx 1-Bit Static RAM 

16,384 X 1-Bit Dynamic RAM 

16,384 X 1-Bit Dynamic RAM 

16,384 X 1-Bit Dynamic RAM 

4096 X 1-Bit Static RAM 

1024 X 4-Bit Static RAM 

4096 X 1-Bit Static RAM 

High Speed 4096 x 1-Bit Static RAM 

1024 X 4-Bit Static RAM 

16 X 4-Bit High Speed RAM 

256 X 4-Bit Static CMOS RAM 



PROGRAMMABLE READ ONLY MEMORIES/ 
READ ONLY MEMORIES 

SELECTOR GUIDE 

BIPOLAR CROSS REFERENCE 

1702A 2K (256 x 8) UV Erasable PROM 

1702AL/1702AL-2 2K (256 x 8) UV Erasable Low Power PROM 
16K(2Kx8) ROM 
32K (4K X 8) ROM 
64K (8K X 8) Bit ROM 
8K (IK X 8) Factory Programmable PROM 
8K and 4K UV Erasable PROM 
16K (2Kx8) UV Erasable PROM 
32K (4K X 8) UV Erasable PROM 
8K (IK X 8) UV Erasable Low Power PROM 



2316E 
2332A 
2364A 
2608 

2708/8708 
2716 
2732 
2758 
3604A/3624A 
Family 
3605A/3625A 
3628 
3636 



4K (512 X 8) High-Speed PROM 
4K (IKx 4) PROM 
8K (IKx 8) Bipolar PROM 
16K (2K X 8) Bipolar PROM 



PROM AND ROM PROGRAMMING INSTRUCTIONS 



MEMORY SUPPORT 

SELECTOR GUIDE 

3205 

3207A 



1 of 8 Binary Decoder 

Quad Bipolar to MOS Level Shifter and Driver 





3207A-1 


Quad Bipolar to MOS Level Shifter and Driver 


5-11 




3222 


4K Dynamic RAM Refresh Controller 


5-13 


2-2 


3232 


4K Dynamic RAM Address Multiplexer and 




2-3 




Refresh Counter 


5-19 


2-4 


3242 


16K Dynamic RAM Address Multiplexer and 




2-12 




Refresh Counter 


5-23 


2-14 


3245 


Quad TTL to MOS Driver to 4K RAMs 


5-27 


2-17 


3404 


High Speed 6-Bit Latch 


5-3 


2-19 


TELCOM 








2910 


PCM CODEC — M Law 


6-3 


3-2 


2911 


PCM CODEC — A Law 


6-15 


3-4 


2912 


PCM Line Filters 


6-26 


3-8 


MCS-4/40^"« MICROPROCESSOR 




3-12 
3-20 


4040 


Single Chip 4-Bit P-Channel Microprocessor 


7-3 


3-28 


4004 


Single Chip 4-Bit P-Channel Microprocessor 


7-4 


3-33 


4003 


10-Bit Shift Register/Output Expander 


7-5 


3-45 


4265 


Programmable General Purpose I/O Device 


7-6 


3-49 


4269 


Programmable Keyboard Display Device 


7-7 


3-54 


4201 A 


Clock Generator 


7-8 




4289 


Standard Memory Interface 


7-9 


3-58 


4002 


320-Bit RAM and 4-Bit Output Port 


7-10 




4001 


256 X 8 Mask Programmable ROM and 4-Bit 




3-63 




I/O Port 


7-11 


3-64 


4308 


1024 X 8 Mask Programmable ROM and 




3-76 




4-Bit I/O Ports - 


7-13 


3-88 








3-89 


MCS-48^" MICROCOMPUTERS 




3-95 








3-99 


SINGLE COMPONENT 8-BIT MICROCOMPUTERS 




3-105 


8021 


Single Component 8-Bit Microcomputer 


8-4 


3-106 


8022 


Single Component 8-Bit Microcomputer 




3-107 




with A/D 


8-10 


3-111 


8048/8648/ 








8748/8035 


Single Component 8-Bit Microcomputer 


8-22 




8049/8039/ 








8039-6 


Single Component 8-Bit Microcomputer 


8-31 




INPUT/OUTPUT 






4-2 
4-4 


8243 


MCS-48™ Input/Output Expander 


8-36 


4-5 
4-9 


MCS-80/85^" 


MICROPROCESSORS 




4-12 
4-15 
4-16 
4-17 
4-20 
4-23 
4-28 
4-31 


Recommended Products for New 8085A Applications 


9-4 


8008/8008-1 


8-Bit Microprocessor 


9-5 


8080A/8080A-1/ 






8080A-2 


8-Bit N-Channel Microprocessor 


9-11 


8224 


Clock Generator and Driver for 8080A CPU 


9-19 


8801 


Clock Generator Crystal for 8224/8080A 


9-23 


8228/8238 


System Controller and Bus Driver for 






8080A CPU 


9-25 


4-36 
4-39 
4-42 


8205 


High Speed 1 out of 8 Binary Decoder 


9-29 


8212 


8-Bit Input/Output Port 


9-35 


8214 


Priority Interrupt Control Unit 


9-45 


8216/8226 


4-Bit Parallel Bidirectional Bus Driver 


9-49 


4-45 
4-48 


8085A/8085A-2 


Single Chip 8-Bit N-Channel 






Microprocessors 


9-54 




8155/8156/ 








8155-2/8156-2 


2048-Bit Static MOS RAM with I/O Ports 








and Timer 


9-70 


5-2 


8185/8185-2 


1024 X 8-Bit Static RAM for MCS-85 


9-77 


5-3 


8218/8219 


Bipolar Microcomputer Bus Controllers for 




5-7 




MCS-80 and MCS-85 


9-81 



*For specifications contact Intel Literature Department, 3065 Bowers Avenue, Santa Clara, California 95051. 
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8257/8257-5 Programmable DMA Controller 

8259A Programmable Interrupt Controller 

8355/8355-2 16,384-Bit ROM with I/O 

8755A 16,384-Bit EPROM with I/O 

MCS-86 MICROPROCESSOR 

8086/8086-4 16-Bit HMOS Microprocessor 

8282/8283 Octal Latch 

8284 Clock Generator and Drive for 8086 CPU 

8286/8287 Octal Bus Transceiver 

8288 Bus Controller for the 8086 CPU 

MICROPROCESSOR PERIPHERALS 

8041A/8741A Universal Peripheral Interface 8-Bit 

Microcomputer 

8202 Dynamic RAM Controller 

8251 A Programmable Communication Interface 

8253/8253-5 Programmable Intrerval Timer 

8255A/8255A-5 Programmable Peripheral Interface 

8271 Programmable Floppy Disk Controller 

8273 Programmable HDLC/SDLC Protocol 

Controller 

8275 Programmable CRT Controller 

8278 Programmable Keyboard Interface 

8279/8279-5 Programmable Keyboard/Display Interface 

8291 GPIB Talker/Listener 

8292 GPIB Controller 

8294 Data Encryption Unit 

8295 Dot Matrix Printer Controller 

MICROCOMPUTER DEVELOPMENT SYSTEMS 

MICROCOMPUTER DEVELOPMENT SYSTEMS 

Model 210 Intellec® Series II Microcomputer Development System 
Model 220 Intellec® Series II Microcomputer Development System 
Model 230 Intellec® Series II Microcomputer Development System 
Expansion Chassis Intellec® Series II Microcomputer 

Development System 
Model 770 Printer Intellec® Series II Microcomputer 

Development System 
Intellec Printer 

MCS-48 Diskette-Based Software Support Package 
PL/M-80 High Level Programming Language Intellec® 

Resident Compiler 

MDS-311 8086 Software Development Package 
FORTRAN-80 8080/8085 ANS FORTRAN 77 Intellec 

Resident Compiler 

Basic-80 Extended ANS 1 978 Basic Intellec® Resident Interpreter 
Intellec® Single/Double Density Flexible Disk System 
ISIS-II Diskette Operating System Microcomputer 

Development System 

Intellec Prompt 48 MCS-48 Microcomputer Design Aid 
ICE-49 MCS-48 In-Circuit Emulator 
ICE-80 8080 In-Circuit Emulator 
ICE-85 MCS-85 In-Circuit Emulator 
ICE-86 8086 In-Circuit Emulator 
EMI 8021 Emulation Board 
EM2 8022 Emulation Board 
UPP-103 Universal PROM Programmer 
SDK-85 MCS-85 System Design Kit 



9-92 


SDK-86 MCS-86 System Design Kit 


12-91 


9-109 


SDK-C86 MCS-86 System Design Kit Software and Cable Interface 




9-127 


to Intellec® Development System 


12-97 


9-132 


Insite User's Program Library 

TEST AND INSTRUMENTATION SYSTEMS 


12-99 


10-4 


fiScope 820 Microprocessor System Console 


12-103 


10-23 


MScope Probe 8080A 


12-103 


10-27 


^Scope Probe 808^ 




12-110 


10-33 








10-37 


MICROCOMPUTER TRAINING PROGRAMS 
INDUSTRIAL GRADE PRODUCTS 


12-112 




12114 


1024 X 4-Bit Static RAM 


13-3 


11-3 


12708/18708 


8K UV Erasable PROM 


13-4 


11-14 


12716 


16K (2Kx8) UV Erasable PROM 


13-5 


11-24 


18048/18648/ 






11-32 


18748/18035 


Single Component 8-Bit Microcomputer 


13-6 


11-43 


18155/18156 


2048-Bit Static MOS RAM With I/O Ports 




11-64 




and Timer 


13-7 


11-93 


18212 


8-Bit Input/Output Port 


13-8 


18216/8226 


4-Bit Parallel Bidirectional Bus Driver 


13-9 


11-118 
11-142 
11-152 
11-164 
11-188 
11-190 
11-201 


18243 


MCS-48 Input/Output Expander 


13-10 


18251 


Programmable Communication Interface 


13-11 


I8255A 


Programmable Peripheral Interface 


13-12 


18259 


Programmable Interrupt Controller 


13-13 


18279 


Programmable Keyboard/Display Interface 


13-14 


18355 


16,384-Bit ROM With I/O 


13-15 


I8755A-8 


16,384-Bit EPROM With I/O 


13-16 




MILITARY PRODUCTS 






M1702A 


2K (256 X 8) UV Erasable PROM 


14-4 


12-3 


M2114 


1024 X 4-Bit Static RAM 


14-6 


12-6 


M2115A/M2125A 






12-10 


Family 


High Speed IK x 1-Bit Static RAM 


14-10 




M2147 


4096 X 1 -Bit Static RAM 


14-15 


12-14 


M2708 


8K and 4K UV Erasable PROM 


14-21 




M2716 


16K (2Kx8) UV Erasable PROM 


14-27 


12-16 


M3604A/M3624A 


4K (512x8) Highspeed PROM 


14-32 


12-18 


M3625A 


4K (1Kx4) PROM 


14-34 


12-20 


M3636 
M5101-4/ 


16K(2Kx8) Bipolar PROM 


14-37 


12-22 


M5101L-4 


256 X 4-Bit Static CMOS RAM 


14-40 


12-25 


M8080A 


8-Bit N-Channel Microprocessor 


14-43 




M8212 


8-Bit Input/Output Port 


14-48 


12-36 


M8214 


Priority Interrupt Control Unit 


14-53 


12-40 


M8216/M8226 


4-Bit Parallel Bidirectional Bus Driver 


14-56 


12-43 


M8224 


Clock Generator and Driver for 8080A CPU 


14-59 




M8228 


System Controller and Bus Driver for 




12-47 




8080A CPU 


14-63 


12-50 


M8251 


Programmable Communication Interface 


14-68 


12-56 


M8255A 


Programmable Peripheral Interface 


14-71 


12-61 


M8085A 


Single Chip 8-Bit N-Channel Microprocessor 


14-74 


12-67 


M8155 


2048-Bit Static MOS RAM With I/O Ports 




12-71 




and Timer 


14-87 


12-77 


M8257 


Programmable DMA Contt,oller 


14-98 


12-80 


M8259 


Programmable Interrupt Controller 


14-105 


12-83 


M8048/M8748/ 






12-85 


M8035 


Single Component 8-Bit Microcomputer 


14-110 



*For specifications contact Intel Literature Department, 3065 Bowers Avenue, Santa Clara, California 95051. 
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1702A 

M1702A 

1702AL-2/ 

1702AL-2 
2101A/8101A-4* 
2102A/2102AL/ 

8102A-4* 
2104A Family 
2104A Family 
2107C Family 
2109 Family 
2111A/8111A-4* 
2112A 
2114 
12114 
M2114 
2115A/2125A 

Family 
M2115A/M2125A 

Family 
2115H, 2125H 

Family 

2117 Family 
2117-5 

2118 Family 
2141 

2142 
2147 
M2^147 

2i4Ih 

21r48 

2S16E 

2332A 

2364A 

2608 

2708/8708 

12708/18708 

M2708 

2716 

12716 

M2716 

2732 

2758 

2910 

2911 

2912 

3101/3101A 

3205 

3207A 

3207A-1 

3222 

3232 

3242 

3245 
3404 

3604A/3624A 
Family 

M3604A/M3624A 
3605A/3625A 
M3625A 
3628 



2K (256 X 8) UV Erasable PROM 
2K (256 X 8) UV Erasable PROM 

2K (256 X 8) UV Erasable Low Power PROM 
256 X 4-Bit Static RAM 

IK X 1-Bit Static RAM 
4096 X 1-Bit Dynamic RAM 
4096 X 1-Bit Dynamic RAM 
4096 X 1-Bit Dynamic RAM 
8,192 X 1-Bit Dynamic RAM 
256 X 4-Bit Static RAM 
256 X 4-Bit Static RAM 
1024 X 4-Bit Static RAM 
1024 X 4-Bit Static RAM 
1024 X 4-Bit Static RAM 

High Speed IK x 1-Bit Static RAM 

Higti Speed IK x 1 -Bit Static RAM 

High Speed IK x 1-Bit Static RAM 

16,384 X 1-Bit Dynamic RAM 

16,384 X 1-Bit Dynamic RAM 

16,384 X 1-Bit Dynamic RAM 

4096 X 1-Bit Static RAM 

1024 X 4-Bit Static RAM 

4096 X 1-Bit Static RAM 

4096 X 1 -Bit Static RAM 

High Speed 4096 x 1-Bit Static RAM 

1024 X 4-Bit Static RAM 

16K (2Kx8)R0M 

32K (4K X 8) ROM 

64K (8K X 8) Bit ROM 

8K (IK X 8) Factory Programmable PROM 

8K and 4K UV Erasable PROM 

8K UV Erasable PROM 

8K and 4K UV Erasable PROM 

16K(2Kx 8) UV Erasable PROM 

16K (2K X 8) UV Erasable PROM 

16K (2Kx8) UV Erasable PROM 

32K (4K X 8) UV Erasable PROM 

8K (IK X 8) UV Erasable Low Power PROM 

PCM CODEC — M Law 

PCM CODEC — A Law 

PCM Line Filters 

16 X 4-Bit High Speed RAM 

1 of 8 Binary Decodet; 

Quad Bipolar to MOS Level Shifter and Driver 

Quad Bipolar to MOS Level Shifter and Driver 

4K Dynamic RAM Refresh Controller 

4K Dynamic RAM Address Multiplexer 

and Refresh Counter 

16K Dynamic RAM Address Multiplexer 

and Refresh Counter 

Quad TTL to MOS Driver for 4K RAMs 

High Speed 6-Bit Latch 

4K (512x8) Highspeed PROM 
4K (512 X 8) High Speed PROM 
4K (1Kx4) PROM 
4K (1Kx4) PROM 
8K(1Kx8) Bipolar PROM 



4-5 


3636 


14-4 


M3636 




4001 


4-9 




3-4 


4002 




4003 


3-8 


4004 


3-12 


4040 


3-20 


4201A 


3-28 


4265 


3-33 


4269 


3-45 


4289 


3-49 


4308 


3-54 




13-3 


5101 Family 


14-16 


M5101-4/ 




M5101L-4 


3-58 


8008/8008-1 




8021 


14-10 


8022 


3-63 


8041A/8741A 


3-64 




3-76 


8048/8648/ 


3-88 


8748/8035 


3-89 


18048/18648/ 


3-95 


18748/18035 


3-99 


M8048/M8748/ 


14-14 


M8035 


3-105 


8049/8039-6 


3-106 


8080A/8080A-1/ 


4-12 


8080A-2 


4-15 


M8080A 


4-16 


8085A/8085A-2 


4-17 


M8085A 


4-20 


8086/8086-4 


13-4 


8155/8156/ 


14-27 


8155-2/8156-2 


4-23 




13-5 


18155/18156 


14-17 




4-28 


M8155 


4-31 




6-3 


8185/8185-2 


6-15 


8202 


6-26 


8205 


3-107 


8212 


5-3 


18212 


5-7 


M8212 


5-11 


8214 


5-13 


M8214 




8216/8226 


5-19 


18216/8226 




M8216/M8226 


5-23 


8218/8219 


5-27 




5-3 


8224 




M8224 


4-36 


8228/8238 


14-32 




4-39 


M8228/M8238 


14-34 




4-42 


8243 



16K(2Kx 8) Bipolar PROM 4-45 

16K (2Kx 8) Bipolar PROM 14-37 
256 X 8 Mask Programmable ROM and 4-Bit 

I/O Port 7-11 

320-Bit RAM and 4-Bit Output Port 7-10 

10-Bit Shift Register/Output Expander 7-5 

Single Chip 4-Bit P-Channel Microprocessor 7-4 

Single Chip 4-Bit P-Channei Microprocessor 7-3 

Clock Generator 7-8 

Programmable General Purpose I/O Device 7-6 

Programmable Keyboard Display Device 1-1 

Standard Memory Interface 7-9 
1024 X 8 Mask Programmable ROM and 

4-Bit I/O Ports 7-13 

256 X 4-Bit Static CMOS RAM 3-111 

256 X 4-Bit Static CMOS RAM 14-40 

8-Bit Microprocessor 9-5 

Single Component 8-Bit Microcomputer 8-4 

Single Component 8-Bit Microcomputer 

withA/D 8-10 

Universal Peripheral Interface 8-Bit 

Microcomputer 11-3 

Smgle Component 8-Bit Microcomputer 8-22 

Single Component 8-Bit Microcomputer 13-16 

Single Component 8-Bit Microcomputer 14-110 

Single Component 8-Bit Microcomputer 8-31 

8-Bit N-Channel Microprocessor 9-11 

8-Bit N-Channel Microprocessor 14-43 

Single Chip 8-Bit N-Channel Microprocessor 9-54 

Single Chip 8-Bit N-Channel Microprocessor 14-74 

16-Bit HMOS Microprocessor 10-4 

2048-Bit Static MOS RAM With I/O Ports 

and Timer 9-70 

2048-Bit Static MOS RAM With I/O Ports 

and Timer 13-7 

2048-Bit Static MOS RAM With I/O Ports 

and Timer 14-87 

1024 X 8-Bit Static RAM for MCS-85 9-77 

Dynamic RAM Controller 11-14 

High Speed 1-out-of-8 Binary Decoder 9-29 

8-Bit Input/Output Port 9-35 

8-Bit Input/Output Port 13-6 

8-Bit Input/Output Port 14-48 

Priority Interrupt Control Unit 9-45 

Priority Interrupt Control Unit 14-53 

4-Bit Parallel Bidirectional Bus Driver 9-49 

4-Bit Parallel Bidirectional Bus Driver 13-9 

4-Bit Parallel Bidirectional Bus Driver 14-56 

Bipolar Microcomputer Bus Controllers for 

MCS-80 and MCS-85 9-81 

Clock Generator and Driver for 8080A CPU 9-19 

Clock Generator and Driver for 8080A CPU 14-59 

System Controller and Bus Driver for 

8080A CPU 9-25 

System Controller and Bus Driver for 

8080A CPU 14-63 

MCS-48^'^ Input/Output Expander 8-36 
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18243 


MCS-48 Input/Output Expander 


13-10 


8251A 


Programmable Communication Interface 


11-24 


I8251A 


Programmable Communication Interface 


13-11 


M8251A 


Programmable Communication Interface 


14-68 


8253/8253-5 


Programmable Interval Timer 


11-32 


8255A/8255A-5 


Programmable Peripfieral Interface 


11-43 


I8255A 


Programmable Peripfieral Interface 


13-12 


M8255A 


Programmable Peripheral Interface 


14-71 


8257/8257-5 


Programmable DMA Controller 


9-92 


M8257 


Programmable DMA Controller 


14-98 


8259A 


Programmable Interrupt Controller 


9-109 


18259 


Programmable Interrupt Controller 


13-13 


M8259 


Programmable Interrupt Controller 


14-105 


8271 


Programmable Floppy Disk Controller 


11-64 


8273 


Programmable HDLC/SDLC Protocol 






Controller 


11-93 


8275 


Programmable CRT Controller 


11-118 


8278 


Programmable Keyboard Interface 


11-142 


8279/8279-5 


Programmable Keyboard/Display Interface 


11-152 


18279 


Programmable Keyboard/Display Interface 


13-14 


8282/8283 


Octal Latch 


10-23 


8284 


Clock Generator and Drive for 8086 CPU 


10-27 


8286/8287 


Octal Bus Tranceiver 


10-33 


8288 


Bus Controller for the 8086 CPU 


10-37 


8291 


GPIB Talker/Listener 


11-164 


8292 


GPIB Controller 


11-188 


8294 


Data Encryption Unit 


11-190 


8295 


Dot Matrix Printer Controller 


11-201 


8355/8355-2 


16,384-Bit ROM With I/O 


9-127 


18355 


16,384-Bit ROM With I/O 


13-15 


8755A 


16,384-Bit EPROM With I/O 


9-132 


I8755A-8 


16,384-Bit EPROM With I/O 


13-18 


8801 


Clock Generator Crystal for 8224/8080A 


9-23 


Available Literature 




2-14 


Basic-80 Extended ANS 1978 Basic Intellec® Resident Interpreter 


12-40 


Bipolar Cross Reference 


4-4 


Developnnent Systems 


12-2 


Distributors 




2-19 


EMI Emulation Board 


12-77 


EM2 Emulation Board 


12-80 



Expansion Chassis Intellec® Series II 12-14 

FORTRAN-80 Intellec® Resident Compiler 12-36 

ICE-49 MCS-48 In-Circuit Emulator 1 2-56 

ICE-80 8080 In-Circuit Emulator 1 2-61 

ICE-85 MCS-85 In-Circuit Emulator 1 2-67 

ICE-86 8086 In-Circuit Emulator 1 2-71 

Insite Users Library 12-99 

Intel Technical Library 2-14 

Intellec® Printer 12-18 

Intellec® Single/Double Density Flexible Disk System 1 2-43 

Intellec® Prompt 48 MCS-48 Design Aid 12-50 

ISIS-II Diskette Operating System 1 2-47 

MCS-48 Diskette-Based Software Support Package 1 2-20 

MDS-31 1 8086 Software Development Package 1 2-25 

Memory Support Circuits 5-2 

Microcomputer Training Programs 12-112 

Military Products 14-2 

Model 210 Intellec® Series II 12-3 

Model 220 Intellec® Series II 12-6 

Model 230 Intellec® Series II 12-10 

Model 770 Printer Intellec® Series II 12-16 

Ordering Information 2-3 

Packaging Information 2-4 

Peripherals 11-2 
PL/M-80 High Level Programming Language Intellec® 

Resident Compiler 12-22 

PROM/ROM Programming Instructions 4-48 

Sales Offices 2-17 

SDK-85 MCS-85 System Design Kit 1 2-85 

SDK-86 MCS-86 System Design Kit 1 2-91 
SDK-C86 MCS-86 System Design Kit Software and Cable 

Interface to Intellec® Development System 1 2-97 

Standard Product Flow 2-12 

Technical Library 2-14 

/jScope 820 Microprocessor System Console 1 2-1 03 

fiScope Probe 8080A 12-108 

ji^Scope Probe 8085 12-110 

UPP-103 Universal PROM Programmer 12-83 

Users Library 12-99 
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ORDERING INFORMATION 



Semiconductor components are identified as follows: 

Example: 

M C 5 10 1 



Four or five characters 
per device type 



Up to three character 
modifier for power, 
speed, processing, etc. 



Package Type 

B — Hermetic Package, Type B 

C — Hermetic Package, Type C 

D — Hermetic Package, Type D 

M — Metal Can Package 

P — Plastic Package 

X — Unpackaged Device 

M — Indicates Military Operating 
Temperature Range 

I — Indicates Industrial Grade 

Examples: 

P5101L CMOS 256 X 4 RAM, low power selection, plastic package, commercial temperature range. 

C8080A2 8080A Microprocessor with 1.5 jus cycle time, hermetic package Type C, commercial 

temperature range. 

MD3604/C 512 X 8 PROM, hermetic package Type D, military temperature range, MIL-STD-883 Level 
C processing.* 

MC8080A/B 8080A Microprocessor, hermetic package Type C, military temperature range. Ml L-STD-883 
Level B processing.* 



Kits, boards and systems may be ordered using the part number designations in this catalog. 

The latest Intel OEM price book should be consulted for availability of various options. These may be 
obtained from your local Intel representative or by writing directly to Intel Corporation, 3065 Bowers 
Avenue, Santa Clara, California 95051. 

*0n military temperature devices, B suffix indicates l\/ll L-STD-883 Level B processing. Suffix C indicates Ml L-STD-883 Level 
C processing. "S" number suffixes must be specified when entering any order for military temperature devices. All orders 
requesting source inspection will be rejected by Intel. 
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PACKAGING INFORMATION AII dimensions in inches and (millimeters) 



■ 



PLASTIC DUAL IN-LINE PACKAGE TYPE P 

16-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 




■255 (6.477) 
.245 (6.223) 

I 
t 



■ 140 (3.556) 
.130 ( 




■ 125 (3.175)" 
MIN. 



JJO (2.794) 
.090 (2.286) 



015 MIN. 
(0.381) 
020 ( 0.508) 
016 (0.406) 



.325 

(8.255) 



.010 TYP 
(0.254) 



I^ 



j .350 I 
h« — (8.890) — H 



18-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 




.905 (22.987) 




* .895 (22.733) 






PIN 1 

o 






1 



■255 (6.467) 
■245 (6^223) 



.200(5.080) 
MAX. 




20-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 




■200(5.080) 
MAX^ 



PLANE 

.125 (3.175) 
MIIM. 



J L 



•J 



■ 110 (2.794) 
.090 (2.286) 



.060 TYP 
(1.524) 



■255 ( 6.467) 
245 (6.223) 



__1 



■ 130 (3^302) 
.120 (3.048) ' 




.032 TYP 
(0.813) 



X 



\_ .015 MIN^ 
(0^381) 

020 (0^508) 
,016 (0^406) 



■010 TYP 
(0^254) 



■ 325 
-MAX^-- 
(8.255) 



ifc 



.350 

-(8.890)- 

REF. 



22-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 




.200 (5.080) 
M^X. . 



.355 (9.017) 
.345 (8.763) 




015 MIN^ 
(0^381 ) 

■020 (0.508) 

.016 (0.406) 



.425 

|-«— MAX. - 

(10.795) 



.010 TYP 
(0.254) 



^ 



^z 



I .450 

U-- (11-4301 



I'- 

hIK15° 
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PACKAGING INFORMATION ah dimensions m inches and (millimeters) 



PLASTIC DUAL IN-LINE PACKAGE TYPE P 



24-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 




1.245(31.623) 



□ ■545 
F13R 



.545 (13.843) 
.535 (13.589) 





.010 TYP 
(0.254) "^ 



.110 (2.794) 
.090 (2.286) 



.625 

- MAX. - 

(15.875) 



±: 



L 



.650 

(16.510)- 

REF. 



1-" 

j|^15° 



28.LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 





.010 TYP 
(0.254) 



.625 

- MAX. - 
(15.875) 



n^'. 



I .650 

U— (16.510)- 



40-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 




2.055 (52.197) 




* 2.045(51.943) 

PIN 1 




o 


.545 (13.843) 


.535 (13.589) 

1 
t 




.010 TYP 
(0.254) 



.625 

- MAX. - 

(15.875) 



:±z 



Jpi°5- 



.110 (2.794) 
.090 (2.286) 



I .650 I 

*''^(16.510)— *1 
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PACKAGING INFORMATION AII dimensions in inches and (millimeters) 




CERAMIC DUAL IN-LINE PACKAGE TYPE D 



16-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 





18-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 



*?^ 




20-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 





.060 TYP 
(1.524) 



22-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 





.200(5.080) 
MAX. 



.125 (3.175) 
MIN. 



.150 (3. 810) I 

""-^rrrrmi " ^ i 



.110 (2.794) ,1 I 





.475 i 

-(12.065)-H 
REF. 
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PACKAGING INFORMATION AII dimensions in inches and (millimeters) 



CERAMIC DUAL IN-LINE PACKAGE TYPE C 

16-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE C 






PIN1 



.300 (7.620) 
.280 (7.112) 



■ 




18-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE C 



PIN 1 MARK 





.325 
(8.255)- 
REF. 



20-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE C 



PIN 1 MARK 





I .325 I 

U— (8.255)— ^ 



(8.255)- 
REF. 



22-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE C 



1.095 (27.813) 
' 1.060 (26.924) 



PIN 1 MARK 





! -^25 I 

f-*-(10.795)-H 
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PACKAGING INFORMATION AII dimensions in inches and (millimeters) 



i 



CERAMIC DUAL IN-LINE PACKAGE TYPE D 

24.LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 




1.285 (32.639) 




24-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 





.232 (5.893) 
MAX. 



■ 187 (ji.750) 
.145 (3. 



.683) n 

o 



.125(3.175) 
MIN. 



^ U- (1-524) p '^-JU- .020 (0.508) 

.110 (2.794) .032 TYP. 016 (0.406) 

.090 (2.286) (0.813) 



.625 

f^ MAX. -H 

(15.875) 



.010 TYP. - 
(0.254) 



U- (17. 



675 I 

(17.145) -^ 



28-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 






-.060 TYP. 

(1.524) I -.►ll-^- ^ (0.508) 

.032 TYP OIS (0.406) 

(0.813) 




28-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 
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PACKAGING INFORMATION am dimensions in inches and (millimeters) 



CERAMIC DUAL IN-LINE PACKAGE TYPE D 



40.LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 



2.080 (52.832) 



**«** 




40-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPED 




2.080 (52.832) 




(4.750) 
(3.683) '1 

5(3.175)-J I lJ U-.060-"° '' " ' 

MIN. ^ \^ (1. 



r 



.060 TYP. 
1.524) 




JL 



■ 



.110 (2.794) 
.090 (2.286) 



.032 TYP. 
(0.813) 



.020 (0.508) 
.016 (0.406) 
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PACKAGING INFORMATION ah dimensions in inches and (millimeters) 



CERAMIC DUAL IN-LINE PACKAGE TYPE C 

24-LEAD HERMETIC DUAL IN-LINE 
I PACKAGE TYPE C 



K^^llil 'Tv^ilil 




SEATING 
PLANE 




T.OlU FYI 
.020 MIN (0.254) 

(I (0.508) 

.022 (0.558 ) 
''*~.015 (0.381) 



i .625 j 

l-»-(1 5.875 )-*^ 



28-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE C 



K^^f^'^ 



;HI 




PIN 1 MARK 




■7^r+ ^p 



.625 i 

-(15.875)-H 
REF. 



40-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE C 





2.020 (51.30 


8) 
2) 

PIN1 , 




1.980 (50.29 






m 
< 



-PIN 1 MARK 




.070 (1.778)~1 



m 



} 



.145 MAX. 
(3.683) 



X(u.i)ua) 
.022 (0.558) 



.020 MIN. 
(0.508) 



.010 TYP 
(0.254) 



I .625 I 

{-•—(15.875)-^ 
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PACKAGING INFORMATION AII dimensions in inches and (millimeters) 



CERAMIC DUAL IN-LINE PACKAGE TYPE B 



22-LEAD HERMETIC DUAL INLINE 
PACKAGE TYPE B 



^ 





1.095 (27.813) 








1.060 (26.924) 










PIN 1 




r T 






f 

.400 ( 








( 




J 




.370 ( 

\ 



.200 (5.080) 
MAX. 



.125 (3.175) 
MIN. 



.150 ( 3.810) 
■ 125 (3.175) 



.110 (2.794) 
.090 (2.286) 



JL- 



-f .190 (4. 

J 1^.160 (4. 



E 



.425 

MAX. - 
(10.795) 



n ^ . 

060 TYP .032 TYP. 

(1.524) (0.813) 



JL., 



-.015 MIN. 
(0.381) 

020 (0.508 ) 
016 (0.406) 



.010 TYP 
(0.254) 



4 *T^^' 

L - J 

U— (12.065)— H 



-(12.065)- 
REF. 



24^LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE B 




1.285 (32.639 ) 
1.235 (31.369) 




28-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE B 




.125 (3.175) 
MIN. 



1.485 ( 37.719 ) 
1.435 (36.449) 



.570 (13.081) 



.220(5.558) 
MAX. 



i£r_mzx: 



.150 (3.810) 
.125 (3.1 



hm=-"'m- 



.110 (2.794) 
,090 (2.286) 



-J u- 



i.175)l 



.190 (4.826) 
.155 (3.937) 



.060 TYP. 
(1.524) 



JL., 



.032 TYP 
(0.813) 



-.015 MIN. 
(0.381) 

020 (0.508) 
016 (0.406) 



'•-*f 



.625 

— MAX. — 

(15.875) 



.675 

U— (17.145)— ^ 
REF. 



'^h 



40-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE B 
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STANDARD PRODUCT FLOW 





1st Optical Inspection 
For Fab Defects 



Hermetlcity Testing to 

eliminate devices which 
show insufficient 
hermeticity. (Monitored 
byQA) 

Fine leak C DIPs.CERDIPs.and 
Metal cans (M I L-STD-883 
Method 1014.2B).* Gross Lealc 
C DIPS and Cerdlps only (Method 
1014.2C, vacuum omitted and 1 hour pressurization). 




Electrical Wafer Sort 



1st Optical Inspection 
for Sort Defects 



Scribe or Saw & Break 




Optical inspection criteria based on 
Ml L-STD-883 Method 2010.3B to 
insure that all devices are free 
from internal defects which could 
lead to failure in normal applications. 
(Monitored by QA) 



Temp Cy 



Seal 



HERMETIC 



2nd Optical Inspection 

2nd Optical inspection QA Gate 



Die Attach 

Die Attach Inspection 
QA Die Attach Gate 




Lead Bond 

Lead Band Inspection 
Lead Bond Gate 



Precap Visual 
Inspection criteria ' ^^ 

based on Ml L-STD-883 

Method 2010.3B to insure 
that after assembly all devices are free 
from defects which could lead to failure 
in normal applications. (Each lot must 
pass a QA acceptance.) 
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STANDARD PRODUCT FLOW 



Lead Trim 



late 



■ 



Final Visual 



QA Visual Acceptance 




^Fine leak limits: AH 

devices 1x10-7 cc»atm/sec 



Solder Dip 



Deflash, Trim & Form 



Temp Cycle 



Mold 



QA Outgoing Acceptance 



Electrical Testing to test 
conditions and limits which guarantee 
AC, DC and functional performance over 
full specified temperature 



PLASTIC 




Final QA Acceptance 



Electrical 1% AOL AC. DC 

Functional Tests to guarantee 
performance over full specified 
temperature range 

Visual/Mechanical LTPD 7/2 
Solderability LTPD 50/0 
Hermeticity LTPD 7/1 



Plant Clearance 
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■ 



The accelerating rate of new developments in microprocessors and memories has created the need for concise, up-to- 
the-minute design information. To assist customers in maintaining expertise in state of the art systems, Intel provides 
a variety of sales and technical literature including brochures, data sheets, application notes, handbooks, and 
technical manuals containing comprehensive information on microprocessors, microcomputers, memories, develop- 
ment systems, and software. 

If you wish to receive Intel literature, contact your local Intel sales office, representative, distributor or Intel Corpora- 
tion, Literature Department. International locations also provide selected literature in Japanese, French or German. 

To order literature by mail, please enclose check or money order payable to Intel Corporation. Purchase Orders are 
accepted for amounts of $100.00 or more. You can also order Intel documentation with your Master Charge or 
BankAmericard/Visa credit card. Include your card number, expiration date and signature on the order form. Volume 
and educational discounts are available. A maximum of five complimentary (N/C) items may be ordered. Mail to: 

Intel Corporation 
Literature Department 
3065 Bowers Avenue 
Santa Clara, California 95051 

Product Descriptions 

9800365 MCS-85 Product Description 

Peripherals Product Description 
Intellec Series II Microcomputer 
Development Systems Functional 
Description and Specifications 
MCS-48 Single Chip Family of 
Microcomputers Product 
Description 
MCS-86 Product Description 



SALES LITERATURE 

Catalogs 

610200 1978 System Data Catalog 



$2.00 



Brochures 



N/C 



Microcomputer Product Line 
Brochure 

Microcomputer Components 
Brochure N/C 

Memory Components Brochure N/C 

Growing Static RAM Family Album N/C 

MOS RAMs Brochure N/C 

/uScope 820 Brochure N/C 

1979 Intel Microcomputer Work- 
shops Brochure N/C 



9800600 
9800606 



9800615 



9800723 



Reference Guides 

9800774 BASIC 80 Reference Guide 

9800749 MCS-86 Assembly Language 

Reference Guide 



N/C 
N/C 



N/C 



N/C 
N/C 



N/C 
N/C 



Application Notes 



AP-4 

AP-12 

AP-15 

AP-16 
AP17 

AP-22 
AP-23 
AP-24 
AP-26 
AP-27 
AP-28 
AP-29 

AP-30 



AP-31 
AP-33 
AP-35 

AP-36 
AP-40 

AP-42 
AP-43 
AP-45 



2107A Application Note 
5101 Application Note 
8255 Programmable Peripheral 
Interface 

Using the 8251 Application Note 
2709 8K Erasable PROM Appli- 
cation Note 
Which Way for 16K 
2104A 4K RAM 
MCS-48 Family— 9800413B 
iSBC 80/10 & System 80/10 
Control With UPI-41 
Multibus Interfacing— 9800587A 
Using The Intel 8085 Serial 
I/O Lines 

Applications of 5 Volt EPROM and 
ROM Family for Microprocessor 
Systems 

Using the 8259— 9800658A 
RMX/80— 9800577A 
CRYSTALS: Specifications— 
9800652A 

Using the 8273— 9800667A 
Keyboard/Display Scanning With 
Intel's MCS-48 Microcomputers 
Writing Diagnostics for the jLiScope 
Using the iSBC^^ 957 .. . 9800816 
Using the 8202 . . . 9800809 



N/C 
N/C 

N/C 
N/C 

N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 

N/C 



Reference Cards 

9800404 
9800438 



9800547 
9800582 

9800653 

9800412 



Reliability Reports 



PROMPT 48 Reference Cardlet 


$1.50 


8085/8080 Assembly Language 




Reference Card 


N/C 


FORTRAN-80 Reference Card 


N/C 


/^Scope 820 8080A Operator's 




Reference Card 


N/C 


MCS-48 In-Circuit Emulator 




Reference Card 


N/C 


MCS-48 Assembly Language 




Reference Card 


N/C 


UPI-41 Assembly Language 




Reference Card 


N/C 



N/C 


RR7 


N/C 


RR8 


N/C 


RR9 




RR 10 


N/C 


RR 11 


N/C 


RR 12 




RR 14 


N/C 


RR 15 


N/C 


RR 16 


N/C 


RR 17 


N/C 


RR 18 



2107A/2107B 4K Dynamic RAM 

Polysilicon Fuse Bipolar PROM 

MOS Static RAMs 

8080/8080A Microcomputer 

2416 16KCCD Memory 

2708 8K Erasable PROM 

2115/2125 MOS Static RAMs 

2104A4K Dynamic RAM 

2116 16K Dynamic RAM 

iSBC 80/10 Single Board Computer 

HMOS Reliability 



N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
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PRODUCT LITERATURE 



TECHNICAL LITERATURE 

User's Guides 

9800016 High Speed Paper Tape Reader 
Installation and Operation Guide 

9800203 MCS-80 System Design Kit User's 
Guide 

9800223 iSBC SOP and iSBC 80P10 Proto- 
typing Package User's Guide 

9800298 ISBC 635 Power Supply User's 
Guide 

9800306 ISIS-II User's Guide 

9800338 SBC 80P20 User's Guide 

9800350 iSBC 915 Go/No Go Diskette 

Diagnostic and Monitor Program 
User's Guide 

9800508 iSBC 80P05 User's Guide 

9800522 RMX/80 User's Guide 

9800557 Intellec Series II Model 210 
User's Guide 

9800558 A Guide to Intellec Microcom- 
puter Development Systems, by 
Daniel D. McCracken 

A Guide to PL/M Programming for 

Microcomputer Applications, by 

Daniel D. McCracken 
9800698 MCS-86 System Design Kit User's 

Guide 
9800743 ISBC 957-lntellec iSBC 86/12 . . . 

User's Guide 
9800826 ptScope 820 Microcomputer Console 

Key Sequence Guide 

Manuals 

9800017 MCS-8 User's Manual 

9800019 8008 Assembly Language Program- 
ming Manual 

9800025 4004/4040 Assembly Language Pro- 
gramming Manual 

9800042 MCS-40 User's Manual 

9800129 Intellec 800 Microcomputer Devel- 
opment System Operator's Manual 

9800132 Intellec Microcomputer Develop- 
ment System Reference Manual 

9800133 Universal PROM Programmer Ref- 
erence Manual 

9800153 MCS-80 User's Manual 

9800167 In-Circuit Emulator/80 Microcom- 
puter Development System Hard- 
ware Reference Manual 

9800172 ROM Simulator Microcomputer 
Development System ROM SIM 
Reference Manual 

9800185 In/Circuit Emulator/80 Operator's 
Manual 

9800206 ISIS-I Diskette Operating System 
Operator's Manual 

9800210 Series 3000 Microprogramming 
Manual 

9800212 Diskette Operating System Micro- 
computer Development System 
MDS DOS Hardware Reference 
Manual 





9800220 


$2.50 


9800221 
9800230 


$5.00 




$5.00 


9800255 


$5.00 


9800265 


$30.00 




$5.00 


9800268 




9800270 


$5.00 
$5.00 


9800277 


$15.00 




$15.00 


9800278 




9800279 


$2.00 


9800292 


$9.95 


9800294 


$7.50 


9800297 


$5.00 


9800300 


$2.00 


9800301 




9800307 


$2.50 






9800316 


$5.00 






9800317 


$5.00 




$5.00 






9800349 


$15.00 




$40.00 


9800366 




9800385 


$40.00 




$7.50 





$35.00 

$25.00 

$15.00 

$15.00 

$5.00 

$35.00 



9800386 

9800388 

9800402 
9800410 
9800420 

9800422 



In-Circuit Emulator/30 Micro- 
computer Development System 
ICE-30 Hardware Reference 
Manual $25.00 

Series 3000 Reference Manual $5.00 

iSBC 80/10 and iSBC 80/10A Single 
Board Computer Hardware Refer- 
ence Manual $10.00 
MCS-48 and UPI-41 Assembly 
Language Programming Manual $10.00 
iSBC 416 16K PROM/RQM Expan- 
sion Board Hardware Reference 
Manual $5.00 
PL/M Programming Manual $10.00 
MCS-48 Family of Single Chip 
Microcomputers User's Manual $7.50 
iSBC 104/108/116 Combination 
Memory and I/O Expansion Boards 
Hardware Reference Manual $5.00 
ISBC 508 I/O Expansion Board 
Hardware Reference Manual $5.00 
iSBC 016 16K RAM Expansion 
Board Hardware Reference Manual $5.00 
ISIS-II 8080/8085 Macro Assembler 
Operator's Manual $10.00 
ISBC 501 Direct Memory Access 
Controller Hardware Reference 
Manual $5.00 
iSBC 630 Power Supply User's 
Manual $5.00 
ISIS-II PL/M-80 Compiler Operator's 
Manual $15.00 
8080/8085 Assembly Language 
Programming Manual $10.00 
Intellec PROMPT 80/85 User's 
Manual $5.00 
System 80/10 Microcomputer 
Hardware Reference Manual $15.00 
iSBC 80/20 and ISBC 80/20-4 Single 
Board Computer Hardware 
Reference Manual $10.00 
iSBC 211/212 Diskette Hardware 
System Hardware Reference 
Manual $5.00 
MCS-85 User's Manual $5.00 
iSBC 519 Programmable I/O Expan- 
sion Board Hardware Reference 
Manual $7.50 
Intellec Mirocomputer Development 
System Diagnostic Confidence Test 
Operator's Manual $5.00 
iSBC 517 Combination I/O Expan- 
sion Board Hardware Reference 
Manual $7.50 
PROMPT 48 Microcomputer User's 
Manual $7.50 
iSBC 310 High-Speed Mathematics 
Unit Hardware Reference Manual $5.00 
iSBC 202 Double Density Diskette 
Controller Hardware Reference 
Manual $5.00 
Intellec Double Density Diskette 
Operating System Hardware 
Reference Manual $35.00 
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PRODUCT LITERATURE 



■ 



9800449 iSBC 094 4K Byte CMOS RAM/ 
Battery Backup Board Hardware 
Reference Manual 

9800450 iSBC 534 Four Channel Communi- 
cations Expansion Board Hardware 
Reference Manual 

9800451 SDK-85 User's Manual 

9800452 8080/8085 Floating Point Arithmetic 
Library User's Manual 

9800463 ICE 85 In-Circuit Emulator Operat- 
ing Instructions for ISIS-II Users 

9800464 ICE-48 Operator's Manual 

9800465 In-Circuit Emulator/41 Operator's 
Manual 

9800466 PL/M-86 Programming Manual 

9800467 PROMPT-SPP Specialized PROM 
Programming User's Manual 

9800478 ISIS-II PUM-86 Compiler Operator's 
Manual 

9800480 ISIS-II FORTRAN-80 Compiler 
Operator's Manual 

9800481 FORTRAN 80 Programming Manual 

9800482 iSBC 80/04 Single Board Computer 
Hardware Reference Manual 

9800483 iSBC 80/05 Single Board Computer 
Hardware Reference Manual 

9800484 System 80/20-4 Microcomputer 
Hardware Reference Manual 

9800485 iSBC 711 Analog Input Board Hard- 
ware Reference Manual 

9800486 iSBC 724 Analog Output Board 
Hardware Reference Manual 

9800487 ISBC 732 Combination Analog 
Input/Output Board Hardware 
Reference Manual 

9800488 iSBC 032/048/064 Random Access 
Memory Boards Hardware 
Reference Manual 

9800489 iSBC 556 Optically Isolated Pro- 
grammable I/O Board Hardware 
Reference Manual 

9800504 UPI-41 User's Manual 

9800505 iSBC 660 System Chassis Hardware 
Reference Manual 

9800556 Intellec Series II Hardware 
Reference Manual 





9800559 


Intellec Series It installation and 








Service Manual 


$15.00 


$5.00 


9800592 


/^Scope 8080A Probe Service 








Manual 


$15.00 




9800593 


juScope 820 Microprocessor System 




$5.00 




Console Service Manual 


$15.00 


$5.00 


9800611 


ISBC 80/30 Single Board Computer 








Hardware Reference Manual 


$10.00 


$5.00 


9800616 


ISBC 544 Hardware Reference 








Manual 


$7.50 


$25.00 


9800639 


MCS-86 Software Development 




$20.00 




Utilities Operating Instructions for 








ISIS-II Users 


$20.00 


$15.00 


9800641 


MCS-86 Assembler Operating 




$10.00 




Instructions for ISIS-II Users 


$15.00 




9800642 


MCS-86 Assembly Language Con- 




$5.00 




verter Operating Instructions for 








ISIS-II Users 


$15.00 


$15.00 


9800643 


iSBC 464 PROM/ROM Board Hard- 








ware Reference Manual 


$5.00 


$20.00 


9800645 


iSBC 86/12 Hardware Reference 




$10.00 




Manual 


$10.00 




9800697 


SDK-86 Assembly Manual 


$5.00 


$7.50 


9800698 


SDK-86 User's Guide 


$7.50 




9800722 


MCS-86 User's Manual 


$5.00 


$7.50 


9800728 


jiiScope 8085 Probe Service Manual 


$15.00 




9800758 


BASIC 80 Reference Manual 


$15.00 


$15.00 


9800819 


Universal PROM Programmer User's 








Manual 


$15.00 


$5.00 


9800707 


System 80/30 Documentation 








Package 


$25.00 


$5.00 


Handbooks 






9800526 


^Scope 820 Microprocessor System 




$5.00 




Console Operator's Handbook 


$15.00 




9800676 


Peripheral Design Handbook -- 1979 


$7.50 




111100 


Memory Design Handbook 


$5.00 


$5.00 


Specifications 






9800199 


External Reference Specification 




$5.00 




ROM Simulator 


$2.50 


$5.00 


9800222 


External Reference Specification 








ICE-30 Software Driver 


$2.50 


$5.00 


9800606 


Intellec Series II Microcomputer 
Development Systems Functional 




$25.00 




Description and Specifications 


N/C 
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Intel 



3065 Bowers Avenue 
Santa Clara, California 95051 
Tel: (408) 987-8080 
TWX. 910^338-0026 
TELEX: 34-6372 

ALABAMA 

Intel Corp. 

3322 S. Parkway, Ste. 71 
Holiday Office Center 
Huntsville 35802 
Tel: (205) 883-2430 
Glen White Associates 
3502 9th Avenue 
Huntsville 35805 
Tel: (205) 883-9394 
fPen-Tech Associates, Inc. 
Holiday Office Center 
3322 S. Memorial Pkwy. 
Huntsville 35801 
Tel: (205) 533-0090 

ARIZONA 

Intel Corp. 

8650 N. 35th Avenue, Suite 101 

Phoenix 85021 

Tel. (602) 242-7205 

tBFA 

4426 North Saddle Bag Trail 

Scottsdale 85251 

Tel: (602) 994-5400 

CALIFORNIA 

Intel Corp. 

7670 Opportunity Rd. 

Suite 135 

San Diego 92111 

Tel: (714) 268-3563 

Intel Corp.* 

1651 East 4th Street 

Suite 105 

Santa Ana 92701 

Tel: (714) 835-9642 

TWX: 910-595-1114 

Intel Corp.* 

15335 Morrison 

Suite 345 

Sherman Oaks 91403 

(213) 986-9510 

TWX: 910-495-2045 

Intel Corp.* 

3375 Scott Blvd. 

Santa Clara 95051 

Tel: (408) 987-8086 

TWX: 910-339-9279 

TWX: 910-338-0255 

Earle Associates, Inc. 

4805 Mercury Street 

Suite L 

San Diego 92111 

Tel: (714) 287-5441 

Mac-I 

2576 Shattuck Ave. 

Suite 4B 

Berkeley 94704 

Tel; (415) 843-7625 

Mac-! 

P.O. Box 1420 

Cupertino 95014 

Tel: (408) 257-9880 

Mac-I 

P.O. Box 8763 

Fountain Valley 92708 

Tel: (714) 839-3341 

Mac-I 

20121 Ventura Blvd., Suite 240E 

Woodland Hills 91364 

Tel: (213) 347-5900 

COLORADO 

Intel Corp.* 

6000 East Evans Ave. 

BIdg. 1, Suite 260 

Denver 80222 

Tel: (303) 758-8086 

TWX: 910-931-2289 

tWestex 

27972 Meadow Drive 

P.O. Box 1355 

Evergreen 80439 

Tel: (303) 674-5255 

CONNECTICUT 

Intel Corp. 

Peacock Alley 

1 Padanaram Road, Suite 146 

Danbury 06810 

Tel: (203) 792-8366 

TWX: 710-456-1199 

FLORIDA 

Intel Corp. 

1001 N.W. 62nd Street, Suite 406 

Ft. Lauderdale 33309 

Tel. (305) 771-0600 

TWX: 510-956-9407 

Intel Corp. 

5151 Adanson Street, Suite 203 

Orlando 32804 

Tel: (305) 628-2393 

TWX: 810-853-9219 

t Pen-Tech Associates, Inc. 

201 S.E. 15th Terrace, Suite F 

Deerfield Beach 33441 

Tel: (305) 421-4989 



U.S. AND CANADIAN SALES OFFICES 



I Pen-Tech Associates, Inc. 
111 So. Maitland Ave., Suite 202 
Maitland 32751 
Tel; (305) 645-3444 

GEORGIA 

l-Pen-Tech Associates, Inc. 

Suite 305 C 

2101 Powers Ferry Road 

Atlanta 30339 

Tel: (404) 955-0293 

ILLINOIS 

Intel Corp.* 

900 Jorie Boulevard 

Suite 220 

Oakbrook 60521 

Tel. (312) 325-9510 

TWX: 910-651-5881 

jDytek-Central, Inc. 

121 So. WiIke Road 

Suite 304 

Arlington Heights 60005 

Tel. (312) 394-3380 

TWX: 910-687-2267 

INDIANA 

Electro Reps Inc. 

941 E. 86th Street, Suite 101 

Indianapolis 46240 

Tel: (317) 255-4147 

TWX. 810-341-3217 

IOWA 

Technical Representatives, Inc. 

St. Andrews Building 

1930 St. Andiews Drive N.E. 

Cedar Rapids 52405 

Tel. (319) 393-5510 

KANSAS 

Technical Representatives, Inc. 
8245 Nieman Road, Suite #100 
Lenexa 66214 
Tel: (913) 888-0212, 3, & 4 
TWX: 910-749-6412 

KENTUCKY 

tLowry & Associates, Inc. 
3351 Commodore 
Lexington 40502 
Tel: (606) 269-6329 

MARYLAND 

Intel Corp.* 
7257 Parkway Drive 
Hanover 21076 
Tel: (301) 796-7500 
TWX: 710-862-1944 
Glen White Associates 
57 W. Timonium Road, Suite 307 
Timonium 21093 
Tel: (301) 252-6360 
tMesa Inc. 

11900 Parklawn Drive 
Rockville 20852 
Tel: Wash. (301) 881-8430 
Balto. (301) 792-0021 

MASSACHUSETTS 

Intel Corp.* 

187 Billerica Road, Suite 14A 

Chelmsford 01824 

Tel: (617) 667-8126 

TWX: 710-343-6333 

tComputer Marketing, Inc. 

257 Crescent Street 

Waltham 02154 

Tel: (617) 894-7000 

MICHIGAN 

Intel Corp. 

26500 Northwestern Hwy. 

Suite 401 

Southfield 48075 

Tel: (313) 353-0920 

TWX: 910-420-1212 

TELEX: 2 31143 

tLowry & Associates, Inc. 

135W. North Street 

Suite 4 

Brighton 48116 

Tel; (313) 227-7067 

MINNESOTA 

Intel Corp. 

8200 Normandale Avenue 

Suite 422 

Bloomington 55437 

Tel: (612) 835-6722 

TWX: 910-576-2867 

tDytek North 

1821 University Ave. 

Room 163N 

St. Paul 55104 

Tel: (612) 645-5816 



MISSOURI 

Technical Representatives, Inc. 
320 Brookes Drive, Suite 104 
Hazelwood 63042 
Tel; (314) 731-5200 
TWX: 910-762-0618 

NEW JERSEY 

Intel Corp. 

1 Metroplaza Office BIdg. 
505 Thornall St. 

Edison 08817 

Tel: (201) 494-5040 

TWX: 710-480-6238 

NEW MEXICO 

BFA Corporation 
P.O. Box 1237 
Las Cruces 88001 
Tel: (505) 523-0601 
TWX: 910-983-0543 
BFA Corporation 
3705Westerfield, N.E. 
Albuquerque 87111 
Tel: (505) 292-1212 
TWX: 910-989-1157 

NEW YORK 

Intel Corp.* 

350 Vanderbilt Motor Pkwy. 
Suite 402 
Hauppauge 11787 
Tel: (516) 231-3300 
TWX; 510-227-6236 
Intel Corp. 
80 Washington St. 
Poughkeepsie 12601 
Tel: (914)473-2303 
TWX: 510-248-0060 
Intel Corp. 
474 Thurston Road 
Rochester 14619 
Tel: (716) 328-7340 
TWX: 510-253-3841 
tMeasurement Technology, Inc. 
159 Northern Boulevard 
Great Neck 11021 
Tel- (516) 482-3500 
T-Squared 

4054 Newcourt Avenue 
Syracuse 13206 
Tel: (315)463-8592 
TWX: 710-541-0554 
'T-Squared 

2 E. Main 
Victor 14564 

Tel: (716) 924-9101 
TELEX; 97-8289 

NORTH CAROLINA 

tPen-Tech Associates, Inc. 
P.O. Box 5382 
Highpoint 27262 
Tel: (919) 883-9125 
Glen White Associates 
3700 Computer Drive 
Suite 330 
Raleigh 27609 
Tel: (919) 787-7016 

OHIO 

Intel Corp.* 
8312 North Main Street 
Dayton 45415 
Tel: (513) 890-5350 
TWX: 810-450-2528 
Intel Corp.* 

Chagrin-Brainard BIdg. #201 
28001 Chagrin Blvd. 
Cleveland 44122 
Tel: (216) 464-2736 
Lowry & Associates, Inc. 
24200 Chagrin Blvd. 
Suite 320 
Cleveland 44122 
Tel. (216) 464-8113 
tLowry & Associates, Inc. 
1524 Marsetta Drive 
Dayton 45432 
Tel: (513) 429-9040 
tLowry & Associates, Inc. 
1050 Freeway Dr., N. 
Suite 209 
Columbus 43229 
Tel: (614) 436-2051 

OREGON 

ES/Chase Company 
4095 SW 144th St. 
Beaverton 97005 
Tel: (503) 641-4111 



PENNSYLVANIA 

Intel Corp.* 
275 Commerce Dr. 
200 Office Center 
Suite 212 

Fort Washington 19034 
Tel' (215) 542-9444 
TWX 510-661-2077 
tLowry & Associates, Inc. 
Seven Parkway Center 
Suite 455 
Pittsburgh 15520 
Tel: (412) 922-5110 
tQ.E.D. Electronics 
300 N. York Road 
Hatboro 19040 
Ter (215) 674-9600 

TENNESSEE 

Glen White Associates 
Rt. #12, Norwood S/D 
Jonesboro 37659 
Tel: (615) 477-8850 
Glen White Associates 
2523 Howard Road 
Germantown 38138 
Tel: (901) 754-0483 
Glen White Associates 
6446 Ridge Lake Road 
Hixon 37343 
Tel: (615) 842-7799 

TEXAS 

Intel Corp.* 

2925 L.B.J. Freeway 

Suite 175 

Dallas 75234 

Tel: (214) 241-9521 

TWX: 910-860-5487 

Intel Corp.* 

6776 S.W. Freeway 

Suite 550 

Houston 77074 

Tel: (713) 784-3400 

Mycrosystems Marketing Inc. 

13777 N. Central Expressway 

Suite 405 

Dallas 75243 

Tel: (214) 238-7157 

TWX: 910-867-4763 

Mycrosystems Marketing Inc. 

6610 Harwin Avenue, Suite 125 

Houston 77036 

Tel: (713) 783-2900 

UTAH 

iWestek 

3788 Brockbank Drive 
Salt Lake City 84117 
Tel: (801) 278-6920 

VIRGINIA 

Glen White Associates 
P.O. Box 1104 
Lynchburg 24505 
Tel; (804) 384-6920 
Glen White Associates 
Rt. #1,Box322 
Colonial Beach 22443 
Tel. (804) 224-4871 

WASHINGTON 

Intel Corp. 

300 120th Avenue N.E. 
BIdg. 2, Suite 202 
Bellevue 98005 
Tel; (206) 453-8086 
E.S./Chase Co. 
P.O. Box 80903 
Seattle 98198 
Tel; (206) 762-4824 
TWX- 910-444-2298 

WISCONSIN 

Intel Corp. 
4369 S. Howell Ave. 
Milwaukee 53207 
Tel; (414) 747-0789 



CANADA 

Intel Corp. 

Suite 233, Bell Mews 

39 Highway 7, Bell Corners 

Ottawa, Ontario K2H 8R2 

Tel. (613) 829-9714 

TELEX; 053-4419 

Multilek, Inc.* 

15 Grenfell Crescent 

Ottawa, Ontario K2G 0G3 

Tel: (613) 226-2365 

TELEX; 053-4585 




* Field application location 

1 These representatives do not offer Intel Components, 
only boards and systems. 
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Intel 



3065 Bowers Avenue 
Santa Clara, California 95051 
Tel: (408) 987-8080 
TWX: 910-338-0026 
TELEX: 34-6372 

EUROPEAN MARKETING OFFICES 

BELGIUM 

Intel International* 
Rue du Moulin d Papier 
51-Boite 1 
B-1 160 Brussels 
Tel. (02)660 30 10 
TELEX: 24814 

FRANCE 

Intel Corporation, S.A.R.L.* 
5 Place de la Balance 
SIlic 223 

94528 Rungis Cedex 
Tel: (01) 687 22 21 
TELEX: 270475 



INTERNATIONAL SALES AND MARKETING OFFICES 



ORIENT MARKETING OFFICE 

JAPAN 

Intel Japan Corporation* 

Flower Hill-Shinmachi East BIdg. 

1-23-9, Shinmachi, Setagaya-ku 

Tokyo 154 

Tel: (03) 426-9261 

TELEX: 781-28426 



ISRAEL 

Intel Semiconductor Ltd, 

P.O. Box 1659 

Haifa 

Tel: 972/452 4261 

TELEX: 92246511 

NETHERLANDS 

Intel Semiconductor Nederland B.V. 

Cometongebouw 

Westblaak106 

3012 Km Rotterdam 

Tel: (10) 149122 

TELEX: 22283 

SCANDINAVIA 

Intel Denmark A/S* 
Lyngbyvej 32 2nd Floor 
DK-2100 Copenhagen East 
Tel: (01) 18 20 00 
TELEX: 19567 
Intel Sweden AB* 
Box 20092 
Enighetsvagen, 5 
S-16120 Bromma 
Sweden 

Tel: (08) 98 53 90 
TELEX: 12261 



SCANDINAVIA (continued) 

Intel Scandinavia A/S 
P.O. Box 158 
N-2040 

Klofta, Norway 
Tel. 47 2/981068 
TELEX: 18018 
Intel Scandinavia A/S 
P.O. Box 17 
Sentnerikuja, 3 
SF-00400 
Helsinki, Finland 
Tel: 358 0/55 85 31 
TELEX: 123332 

ENGLAND 

Intel Corporation (U.K.) Ltd.* 

Broadfield House 

4 Between Towns Road 

Cowley, Oxford 0X4 3NB 

Tel: (0865)77 14 31 

TELEX- 837203 

Intel Corporation (U.K.) Ltd 

46-50 Beam Street 

Nantwich, Cheshire CW5 5LJ 

Tel- (0270)62 65 60 

TELEX: 36620 



ITALY 

Intel Corporation Italia, S.P.A, 
Corso Sempione 39 
1-20145 Milano 
Tel: 39 2/34 90 176 
TELEX: 311271 

GERMANY 

Intel Semiconductor GmbH* 

Seidlstrasse 27 

8000 Muenchen 2 

Tel: (089) 55 81 41 

TELEX: 523 177 

Intel Semiconductor GmbH 

Abraham Lincoln Strasse 30 

6200 Wiesbaden 1 

Tel: (06121) 74855 

TELEX: 04186183 

Intel Semiconductor GmbH 

Wernerstrasse 67 

P.O. Box 1460 

7012 Fellbach 

Tel: (0711)580082 

TELEX: 7254826 

Intel Semiconductor GmbH 

Hindenburger Strasse 28/29 

3000 Hannover 

Tel: (0511) 852051 

TELEX: 923625 



INTERNATIONAL DISTRIBUTORS 

ARGENTINA 

5 I.E S.A. 

Av. Pte. Rogue Saenz Pena 1142 9B 
1035 Buenos Aires 
Tel 35-6784 

AUSTRALIA 

A.J.F. Systems & Components 

PTY. LTD. 

44 Prospect Rd. 

Prospect 5082 

South Australia 17005 

Tel: 269-1244 

TELEX: 82635 

A.J.F. Systems & Components 

PTY. LTD. 

29 Devlin St. 

Ryde, N.S.W. 2112 

Tel. (02) 807-6878 

TELEG: 24906 

A.J.F. Systems & Components 

PTY. LTD. 

310 Queen St. Melbourne, 

Victoria 3000 

Tel: (03) 679-702 

TELEX: 30270 

Warburton-Franki (Sydney) Pty. Ltd. 

199 Parramatta Road 

Auburn, N.S.W. 2114 

Tel. 648-1711, 648-1381 

TELEX: WARFRAN AA 22265 

Warburton-Franki Industries 

(Melbourne) Pty. Ltd. 

220 Park Street 

South Melbourne, Victoria 3205 

Tel: 699-4999 

TELEX: WARFRAN AA 31370 

Warburton Franki, Pty. Ltd. 

322 Grange Road, Kidman Park 

South Australia 5025 

Tel: 356-7333 

TELEX: WARFRAN AA 92908 

Warburton Franki (Perth) Pty. Ltd. 

98-102 Belgravia St., Belmont 

Western Australia 6104 

Tel. 356-7000 

TELEX: WARFRAN AA 92908 

Warburton Franki (Brisbane) Pty. Ltd. 

13 Chester St., Fortitude Valley 

Queensland 4006 

TELEX. WARFRAN AA 41052 

AUSTRIA 

Bacher Elektronische Geraete GmbH 

Rotenmulgasse 26 

A 1120 Vienna 

Tel: (0222) 83 63 96 

TELEX- (01) 1532 

Rekirsch Elektronik Geraete GmbH 

Gottfried-Keller-Gassa, 29 

A1030 Vienna 

Tel: (222) 734394 

TELEX- 74759 

BELGIUM 

Ineico Belgium S.A. 
Avenue Val Duchesse, 3 
B-1 160 Brussels 
Tel- (02)660 00 12 
TELEX: 25441 

BRAZIL 

Jeotron S.A 

05110-Av. Mutinga 3650 

6 Andar 

Pirltuba-Sao Paulo 
Tel. 261-0211 
TELEX: (011) 222 ICO BR 

CHILE 

Intellec 

P.O. Box 13317 

Dr Sotero Del Rio 326 

Oficina 903 

Santiago 1 

Tel. 723740 



COLOMBIA 

Video National 

Diagonal 34, No. 5-62 

Apartado Aereo 27599 

Bogota 

Tel. 36-37 

TELEX: 43439 VINAT 

DENMARK 

Lyngso Komponent A/S 

Ostmarken 4 

DK-2860 Soborg 

Tel- (01) 67 00 77 

TELEX. 22990 

Scandinavian Semiconductor 

Supply A/S 

Nannasgade 18 

DK-2200 Copenhagen N 

Tel. (01) 83 50 90 

TELEX- 19037 

FINLAND 

Oy Fintronic AB 
Loennrotinkatu 35D 
SF 00180 
Helsinki 18 
Tel (80)601155 
TELEX: 123107 
Oy Softplan AB 
Skillnadsgatan 9A 
SF-00130 Helsinki, 13 
Tel: 80-644306 
TELEX: 12579 

FRANCE 

Celdis 

53, Rue Charles Frerot 

94250 Gentilly 

Tel: 581 00 20-591 04 69 

TELEX. 200.485 F 

Metrologie 

La Tour d'Asnidres 

4, Avenue Laurent Cely 

92606-Asnieres 

Tel: 791 44 44 

TELEX: 611 448 F 

Tekelec Airtronic* 

Cite des Bruyeres 

Rue Carle Vernet 

92310 Sevres 

Tel- (1) 027 75 35 

TELEX: 204552 

GERMANY 

Alfred Neye Enatechnik GmbH 

Schillerstrasse 14 

D-2085 Quickborn-Hamburg 

Tel- (04106)6121 

TELEX: 02-13590 

Electronic 2000 Vertriebs GmbH 

Neumarkter Strasse 75 

D-8000 Muenchen 80 

Tel: (089)434061 

TELEX 522561 

Jermyn GmbH 

Postfach 1146 

D-6277 Kamberg 

Tel (06434)6005 

TELEX- 484426 

HONG KONG 

China Electronics 

Sea Bird House, 9th Floor 

22-28 Wyndham Street 

Hong Kong 

Tel: 520687 

INDIA 

Micro Electronics International 

1 0-2-289/1 14A 

Shantinager 

Hyderabad 500028 

CABLE: MELECTRO-HYDERBAD 



ISRAEL 

Eastronics Ltd.* 
11 Rozanis Street 
P.O. Box 39330 
Tel-Aviv 61390 
Tel: 475151 
TELEX: 33638 

ITALY 

Eledra3S S.P.A. * 

Viale Elvezia, 18 

20154 Milan, 

Tel- (02) 3493041 

TELEX: 39332 

Eledra3S S.P.A.* 

Via Paolo Gaidano, 141 D 

10137 Torino i 

TEL: (Oil) 30 97 097 -30 97 114 

TELEX: 210632 

Eledra3S S.P.A.* , 

Via Giuseppe Valmarana, 63 

00139 Rome, Italy 

Tel. (06) 81 27 290-81 27324 

TELEX. 612051 

JAPAN 

Tokyo Electron Labs, Inc. 

No 1 Higashikata-Machi 

Midori-Ku, Yokohama 226 

Tel: (045)471-8811 

TELEX: 781-4773 

Ryoyo Electric Corp. 

Konwa BIdg. 

1-12-22, Tsukiji, 1-Chome 

Chuo-Ku, Tokyo 104 

Tel: (03) 543-7711 

Nippon Micro Computer Co. Ltd. 

Mutsumi BIdg. 4-5-21 Kojimachi 

Chiyoda-ku, Tokyo 102 

Tel- (03) 230-0041 

KOREA 

Koram Digital 

Room 411 Ahil BIdg. 

49-4 2-GA Hoehyun-Dong 

Chung-Ku Seoul 

Tel: 23-8123 

CABLE: CHEJU 26364 

Leewood International, Inc. 

C.P.O. Box 4046 

112-25, Sokong-Dong 

Chung-Ku, Seoul 100 

Tel: 28-5927 

CABLE: "LEEWOOD" Seoul 

NETHERLANDS 

C.N. Rood BV 
Cort Vender 
Lindenstraat, 13 
Postbus 42 
Rijswijk 2280 AA 
Tel 070-996360 
TELEX: 31238 
Ineico Nederland 
AFD Elektronic 
Joan Muyskenweg 22 
NL-1 006 Amsterdam 
Tel- (020)934824 
TELEX: 14622 

NEW ZEALAND 

W. K. McLean Ltd. 

103-5 Felton Matthew Avenue 

Glenn Innes, Auckland, 6 

Tel: 587-037 

TELEX. NZ2763 KOSFY 

NORWAY 

Nordisk Elektronik (Norge) A/S 

Mustads Vei 1 

N-Oslo 2 

Tel- (02)55 38 93 

TELEX: 16963 

PORTUGAL 

Ditram 

Componentes E Electronica LDA 

Av. Miguel Bombarda, 133 

Lisboa 1 

Tel: 119 45 313 



SINGAPORE 

General Engineers Associates 

Blk3, 1003-1008 

P.S.A. Multi-Story Complex 

Telok Blangah/Pasir Panjang 

Singapore 5 

Tel: 271-31C3 

CABLE: GENEERCORP 

SOUTH AFRICA 

Electronic Building Elements 

P.O. Box 4609 

Pretoria 

Tel: 78 92 21 

TELEX: 30181 

SPAIN 

Interface* 

Ronda San Pedro 22 

Barcelona 10 

Tel 301 78 51 

TELEX: 51508 IFCE E 

ITT SESA 

Miguel Angel 16 

Madrid 10 

Tel: (1)410 2354 

TELEX: 27707 

SWEDEN 

Nordisk Electronik AB 
Sandhamnsgatan 71 
S-102 54 Stockholm 
Tel: (08) 635040 
TELEX. 10547 

SWITZERLAND 

Industrade AG 
Gemsenstrasse 2 
Postcheck80-21190 
CH-8021 Zurich 
Tel. (01) 60 22 30 
TELEX: 56788 

TAIWAN 

Taiwan Automation Co.* 

2nd Floor, 224 

Nanking East Road 

Section 3 

Taipei 

Tel: (02) 7710940-3 

TELEX: 11942 TAIAUTO 

UNITED KINGDOM 

G.E.C. Semiconductors Ltd 

East Lane 

North Wembly 

Middlesex HAS 7PP 

Tel: (01) 904-9303 

TELEX: 923429 

Jermyn Industries 

Vestry Estate 

Sevenoaks, Kent 

Tel: (0732) 51174 

TELEX: 95142 

Sintrom Electronics Ltd.* 

Arkwright Road 

Reading, Berkshire RG2 OLS 

Tel- (0734) 85464 

TELEX: 847395 

Rapid Recall, Ltd. 

6 Soho Mills Ind. Park 

Woburn Green 

Bucks, England 

Tel; Bournd End 24961 " 

TELEX. 849439 

VENEZUELA 

Componentes y Circuitos 

Electronicas TTLCA C.A. 
Apartado 3223 
Caracas 101 
Tel: 35-5591 
TELEX: TAMER 24157 



* Field Application Location 
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U.S. AND CANADIAN DISTRIBUTORS 



3065 Bowers Avenue 
Santa Clara, California 95051 
Tel: (408) 987-8080 
TWX: 910-338-0026 
TELEX: 34-6372 

ALABAMA 

tHamilton/Avnet Electronics 

805 Oser Drive NW 

Huntsville 35805 

Tel: (205) 837-7210 

Pioneer 

1207 Putman Drive NW 

Huntsville 35805 

Tel: (205) 837-9300 

ARIZONA 

fHamilton/Avnet Electronics 
2615 South 21st Street 
Phoenix 85034 
Tel: (602) 275-7851 
tLiberty/Arizona 
8155 N. 24th Avenue 
Phoenix 85021 
Tel: (602) 249-2232 
TELEX: 910-951-4282 

CALIFORNIA 

tAvnet Electronics 

350 McCormick Avenue 

Costa Mesa 92626 

Tel: (714)754-6111 

tHamilton/Avnet Electronics 

575 E. Middlefield Road 

Mountain View 94040 

Tel: (415)961-8600 

tHamilton/Avnet Electronics 

8917 Complex Drive 

San Diego 92123 

Tel: (714) 279-2421 

tHamilton Electro Sales 

10912 W. Washington Boulevard 

Culver City 90230 

Tel: (213) 558-2121 

tLiberty Electronics 

124 Maryland Street 

El Segundo 90245 

Tel: (213) 322-5059 

TWX; 910-348-7140 

tLiberty/San Diego 

8284 Mercury Court 

San Diego 92111 

Tel: (714) 565-9171 

TELEX: 910-335-1590 

tElmar Electronics 

2288 Charleston Road 

Mountain View 94040 

Tel: (415) 961-3611 

TELEX: 910-379-6437 

COLORADO 

tElmar/Denver 
6777 E. 50th Avenue 
Commerce City 80022 
Tel: (303) 287-9611 
TWX: 910-936-0770 
tHamilton/Avnet Electronics 
5921 No. Broadway 
Denver 80216 
Tel: (303)534-1212 

CONNECTICUT 

tCramer/Connecticut 
12 Beaumont Road 
Wallingford 06492 
Tel: (203)265-7741 
tHamilton/Avnet Electronics 
643 Danbury Road 
Georgetown 06829 
Tel: (203) 762-0361 
tHarvey Electronics 
112 Main Street 
Norwalk 06851 
Tel: (203) 853-1515 



FLORIDA 

Arrow Electronics 

1001 N.W. 62nd Street 

Suite 402 

Ft. Lauderdale 33309 

Tel: (305) 776-7790 

Arrow Electronics 

115 Palm Bay Road, NW 

Suite 10 

Palm Bay 32905 

Tel: (305) 725-1480 

tHamilton/Avnet Electronics 

6800 Northwest 20th Ave. 

Ft. Lauderdale 33309 

Tel: (305) 971-2900 

tPioneer 

6220 S. Orange Blossom Trail 

Suite 412 

Orlando 32809 

Tel: (305) 859-3600 

Hamilton/Avnet 

3197 Tech. Drive N. 

St. Petersburg 33702 

Tel: (813) 576-3930 

GEORGIA 

Arrow Electronics 
3406 Oak Cliff Road 
Doraville 30340 
Tel: (404) 455-4054 
tHamilton/Avnet Electronics 
6700 I 85, Access Road, #11 
Norcross 30071 
Tel: (404) 448-0800 

ILLINOIS 

tCramer/Chicago 
1911 So. BusseRd. 
Mt. Prospect 60056 
Tel: (312) 593-8230 
tHamilton/Avnet Electronics 
3901 No. 25th Ave. 
Schiller Park 60176 
Tel: (317) 849-7300 
Pioneer/Chicago 
1551 Carmen Drive 
Elk Grove Village 60006 
Tel: (312)437-9680 

INDIANA 

tPioneer/lndiana 
6408 Castleplace Drive 
Indianapolis 46250 
Tel: (317) 849-7300 
Sheridan Sales 
8790 Purdue Road 
Indianapolis 46268 
Tel: (317) 297-3146 

KANSAS 

tHamilton/Avnet Electronics 
9219 Quivira Road 
Overland Park 66215 
Tel: (913) 888-8900 

MARYLAND 

tHamilton Avnet 
7235 Standard Drive 
Hanover 21076 
Tel: (301) 796-5684 
tPioneer/Washington 
9100 Gaither Road 
Gaithersburg 20760 
Tel: (301) 948-0710 
TWX: 710-828-0545 

MASSACHUSETTS 

fCramer Electronics Inc. 
85 Wells Avenue 
Newton 02159 
Tel: (617) 969-7700 



MASSACHUSETTS (continued) 

tHamilton/Avnet Electronics 
100 E. Commerce Way 
Woburn 01801 
Tel: (617) 933-8000 

MICHIGAN 

tSheridan Sales Co. 
24543 Indoplex Circle 
Farmington Hills 48024 
Tel: (313) 477-3800 
tPioneer/Michigan 
13485 Stamford 
Livonia 48150 
Tel: (313) 525-1800 
tHamilton/Avnet Electronics 
32487 Schoolcraft Road 
Livonia 48150 
Tel: (313) 522-4700 
TWX: 810-242-8775 

MINNESOTA 

f Industrial Components 

5280 West 74th Street 

Minneapolis 55435 

Tel: (612) 831-2666 

tCramer/Bonn 

5424 Edina Industrial Blvd. 

Edina 55435 

Tel: (612) 835-7811 

tHamilton/Avnet Electronics 

7683 Washington Avenue So. 

Edina 55435 

Tel: (612) 941-3801 

MISSOURI 

tHamilton/Avnet Electronics 
364 Brookes Drive 
Hazelwood 63042 
Tel: (314) 731-1144 
Sheridan Sales 
220S. Hwy67, SuitelO 
Florissant 63031 
Tel: (314) 837-5200 

NEW JERSEY 

Arrow Electronics 

Pleasant Valley Avenue 

Moorestown 08057 

Tel: (215) 928-1800 

Arrow Electronics 

285 Midland Avenue 

Saddlebrook 07662 

Tel: (201)797-5800 

tHamilton/Avnet Electronics 

218 Little Falls Road 

Cedar Grove 07009 

Tel: (201) 239-0800 

TWX: 710-994-5787 

tHarvey Electronics 

389 Passaic Avenue 

Fairfield 07006 

Tel: (201) 227-1262 

tHamilton/Avnet Electronics 

113 Gaither Drive 

East Gate Industrial Park 

Mt. Laurel 08057 

Tel: (609) 234-1233 

TWX: 710-897-1405 

NEW MEXICO 

Alliance Electronics Inc. 
11728 Linn Ave., N.E. 
Albuquerque 87123 
Tel: (505) 292-3360 
tHamilton/Avnet Electronics 
2524 Baylor Drive, S.E. 
Albuquerque 87119 
Tel: (505) 765-1500 
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U.S. AND CANADIAN DISTRIBUTORS 



3065 Bowers Avenue 
Santa Clara, California 95051 
Tel: (408) 987-8080 
TWX: 910-338-0026 
TELEX: 34-6372 



NEW YORK 

Harvey Electronics 

P.O. Box 1208 

Binghampton 13902 

Tel: (607) 748-8211 

Arrow Electronics 

900 Broad Hollow Road 

Farmingdale 11735 

Tel: (516) 694-6800 

tCramer/Rochester 

3000 South Winton Road 

Rochester 14623 

Tel; (716) 275-0300 

fHamiiton/Avnet Electronics 

167 Clay Road 

Rochester 14623 

Tel: (716) 442-7820 

tCramer/Syracuse 

6716 Joy Road 

East Syracuse 13057 

Tel: (315) 437-6671 

fHamilton/Avnet Electronics 

6500 Joy Road 

E. Syracuse 13057 

Tel: (315) 437-2641 

fHamilton/Avnet Electronics 

70 State Street 

Westbury, LI. 11590 

Tel: (516) 333-5800 

TWX: 510-222-8237 

tHarvey Electronics 

60 Crossways Park West 

Woodbury 11797 

Tel: (516) 921-8700 

NORTH CAROLINA 

Pioneer/Carolina 
2906 Baltic Avenue 
Greensboro 27406 
Tel: (919) 273-4441 
TWX: 510-925-1114 
fHamilton/Avnet Electronics 
2803 Industrial Drive 
Raleigh 27609 
Tel: (919) 829-8030 
Arrow Electronics 
1377-G S. Park Drive 
Kernersville 27284 
Tel: (919) 996-2039 

OHIO 

fSheridan Sales Co. 

2501 Neff Road 

Dayton 45414 

Tel: (513) 223-3332 

Sheridan Sales Co. 

23224 Commerce Park Road 

Beachwood 44122 

Tel: (216) 831-0130 

fHamilton/Avnet Electronics 

954 Senate Drive 

Dayton 45459 

Tel: (513) 433-0610 

TWX: 810-450-2531 

fPioneer/Dayton 

1900 Troy Street 

Dayton 45404 

Tel: (513) 236-9900 

fSheridan Sales Co. 

P.O. Box 37856 

Cincinnati 45222 

Tel: (513) 761-5432 

TWX: 810-461-2670 

f Pioneer/Cleveland 

4800 E. 131st Street 

Cleveland 44105 

Tel: (216) 587-3600 

fHamilton/Avnet Electronics 

761 Beta Drive, Suite E 

Cleveland 44143 

Tel: (216) 461-1400 



OHIO (continued) 

fSheridan Sales Co. 
701 Beta Drive 
Mayfieldville 44143 
Tel: (216) 461-3300 

OKLAHOMA 

fComponents Specialties, Inc. 

7920 E. 40th Street 

Tulsa 74145 

Tel: (918) 664-2820 

OREGON 

fAlmac/Stroum Electronics 
4475 S.W. Scholls Ferry Rd. 
Portland 97225 
Tel: (503) 292-3534 

PENNSYLVANIA 

fSheridan Sales Co. 

4297 Greensburgh Pike, Suite 3114 

Pittsburgh 15221 

Tel: (412) 351-4000 

Pioneer/Pittsburgh 

560 Alpha Drive 

Pittsburgh 15238 

Tel: (412) 782-2300 

Pioneer/Delaware Valley 

141 Gibraltar Road 

Horsham 19044 

Tel: (215) 674-4000 

TWX: 510-665-6778 

TENNESSEE 

fSheridan Sales Co. 
6900 Office Park Circle 
Knoxville 37919 
Tel: (615) 588-5836 

TEXAS 

Component Specialties Inc. 

8330 Burnett Road, Suite 101 

Austin 78758 

Tel: (512)459-3308 

fCramer Electronics 

13740 Midway Road 

Dallas 75240 

Tel: (214) 661-9300 

fHamilton/Avnet Electronics 

4445 Sigma Road 

Dallas 75240 

Tel: (214) 661-9300 

fHamilton/Avnet Electronics 

3939 Ann Arbor 

Houston 77063 

Tel: (713) 780-1771 

fComponent Specialties, Inc. 

10907 Shady Trail, Suite 101 

Dallas 75220 

Tel: (214) 357-6511 

fComponent Specialties, Inc. 

8585 Commerce Park Drive, Suite 590 

Houston 77036 

Tel: (713) 771-7237 

UTAH 

fHamilton/Avnet Electronics 
1585 West 2100 South 
Salt Lake City, 84119 
Tel: (801) 972-2800 

WASHINGTON 

fHamilton/Avnet Electronics 
14212 N.E. 21st 
Bellevue 98005 
Tel: (206) 746-8750 
fAlmac/Stroum Electronics 
5811 Sixth Ave. South 
Seattle 98108 
Tel: (206) 763-2300 



WASHINGTON (continued) 

fLiberty Electronics 
1750 132nd Avenue NE 
Bellevue 98005 
Tel: (206) 763-8300 

WISCONSIN 

Arrow Electronics 
434 W. Rawson Avenue 
Oak Creek 53154 
Tel: (414) 764-6600 
fHamilton/Avnet 
2975 Moorland Road 
New Berlin 53151 
Tel: (414) 784-4510 



CANADA 

ALBERTA 

f L. A. Varah Ltd. 
4742 14th Street N.E. 
Calgary T2E 6L7 
Tel: (403) 276-8818 
Telex: 13 825 89 77 

BRITISH COLUIVIBIA 

fL.A. Varah Ltd. 
2077 Alberta Street 
Vancouver V5Y 1C4 
Tel: (604) 873-3211 
TWX: 610-929-1068 
Telex: 04 53167 
Zentronics 
8325 Fraser Street 
Vancouver V5X 3X8 
Tel: (604) 325-3292 
Telex: 04-5077-89 

MANITOBA 

L. A. Varah 

1-1832 King Edward Street 

Winnipeg R2R ONI 

Tel: (204) 633-6190 

ONTARIO 

fL.A. Varah, Ltd. 

505 Kenora Avenue 

Hamilton L8E-3P2 

Tel: (416) 561-9311 

TELEX: 061-8349 

fHamilton/Avnet Electronics 

3688 Nashua Drive, Units G & H 

Mississauga L4V IM5 

Tel: (416) 677-7432 

TWX: 610-492-8867 

fHamilton/Avnet Electronics 

1735 Courtwood Cresc. 

Ottawa K2C 3J2 

Tel: (613) 226-1700 

TWX: 610 562-1906 

fZentronics 

141 Catherine Street 

Ottawa, Ontario K2P 1C3 

Tel: (613) 238-6411 

fZentronics 

99 Norfinch Dr. 

Downsview, Ontario M3N 1W8 

Tel: (416) 635-2822 

Telex: 02-021694 

QUEBEC 

fHamilton/Avnet Electronics 

2670 Paulus Street 

St. Laurent H4S1G2 

Tel: (514) 331-6443 

TWX: 610-421-3731 

Zentronics 

8146 Montview Road 

Town of Mt. Royal 

Montreal H4P 2L7 
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RANDOI\/l ACCESS IVIEIVIORIES 





Type 


No. 
of 
Bits 


Description 


Organi- 
zation 


No. 

of 

Pins 


Electrical Characteristics Over Temperature 


Page 
No. 




Access 
Time 
Max. 
(ns) 


Cycie 
Time 

iMin. 

(ns) 


Power 
Dissipation 

IMax.ni 

Operating/ 

Standby (mW) 


Supplies (V) 


1 

1 

GO 


DYNAMIC RAMS 


2104A 

2104A-1 
2104A-2 
2104A-3 
2104A-4 


4096 


16-Pin Dynamic 


4096x1 


16 


350 


350 


441/25 


+12, +5,-5 


3-12 


4096 


16-Pin Dynamic 


4096x1 


16 


150 


320 


462/26 


+12, +5, -5 


4096 


16-Pin Dynamic 


4096x1 


16 


200 


375 


422/26 


+12, +5, -5 


4096 


16-Pin Dynamic 


4096x1 


16 


250 


375 


396/26 


+12, +5, -5 


4096 


16-Pin Dynamic 


4096x1 


16 


300 


425 


396/26 


+12, +5,-5 


2107C 

2107C-1 
2107C-2 
2107C-4 


4096 


22-Pin Dynamic 


4096x1 


22 


250 


430 


396/2.6 


+12, +5, -5 


3-28 


4096 


22-Pin Dynamic 


4096x1 


22 


150 


380 


462/2.6 


+12, +5, -5 


4096 


22-Pin Dynamic 


4096x1 


22 


200 


400 


436/2.6 


+12, +5, -5 


4096 


22-Pin Dynamic 


4096x1 


22 


300 


470 


396/2.6 


+12, +5, -5 


2109-3 

2109-4 


8192 


16-Pin Dynamic 


8192x1 


16 


200 


375 


462/20 


+12, +5.-5 


3-33 


8192 


16-Pin Dynamic 


8192x1 


16 


250 


410 


436/20 


+12. +5. -5 


2117-2 

2117-3 
2117-4 
2117-5 


16,384 


16-Pin Dynamic 


16,384x1 


16 


150 


320 


462/20 


+12. +5, -5 


3-64 


16,384 


16-Pin Dynamic 


16,384x1 


16 


200 


375 


462/20 


+12, +5, -5 


16,384 


16-Pin Dynamic 


16,384x1 


16 


250 


410 


436/20 


+12. +5, -5 


16,384 


16-Pin Dynamic 


16,384x1 


16 


300 


490 


462/20 


+12, +5, -5 


2118-2 

2118-3 
2118-4 
2118-7 


16,384 


16-Pin Dynamic 


16,384x1 


16 


80 


200 


160/16.5 


+5 


3-88 


16,384 


16-Pin Dynamic 


16.384x1 


16 


100 


235 


138/16.5 


+5 


16,384 


16-Pin Dynamic 


16,384x1 


16 


120 


270 


121/16.5 


+5 


16,384 


16-Pin Dynamic 


16.384x1 


16 


150 


320 


121/16.5 


+5 


STATIC RAMS 


2101A/8101A 

2101A-2 
2101A-4 


1024 


Static, Separate I/O 


256x4 


22 


350 


350 


300 


+5 


3-4 


1024 


Static, Separate I/O 


256x4 


22 


250 


250 


350 


+5 


1024 


Static, Separate I/O 


256x4 


22 


450 


450 


300 


+5 


2102A/8102A 

2102A-2 

2102A-4 

2102AL 

2102AL-2 

2102AL-4 


1024 


Static 


1024x1 


16 


350 


350 


275 


+5 


3-8 


1024 


Static 


1024x1 


16 


250 


250 


325 


+5 


1024 


Static 


1024x1 


16 


450 


450 


275 


+5 


1024 


Low Standby Power Static 


1024x1 


16 


350 


350 


165/35 


+5 


1024 


Low Standby Power Static 


1024x1 


16 


250 


250 


325/42 


+5 


1024 


Low Standby Power Static 


1024x1 


^ 


450 


450 


165/35 


+5 


2111 A/81 11A 

2111A-2 
2111A-4 


1024 


Static, Common I/O with 
Output Deselect 


256x4 


18 


350 


350 


300 


+5 


3-45 


1024 


Static, Common I/O 


256x4 


18 


250 


250 


350 


+5 


1024 


Static, Common I/O 


256x4 


18 


450 


450 


300 


+5 


2112A 

2112A-2 
2112A-4 


1024 


Static, Common I/O without 
Output Deselect 


256x4 


16 


350 


350 


300 


+5 


3-49 


1024 


Static, Common I/O without 
Output Deselect 


256x4 


16 


250 


250 


350 


+5 


1024 


Static, Common I/O without 
Output Deselect 


256x4 


16 


450 


450 


300 


+5 


2114 

2114-2 

2114-3 

2114L 

2114L2 

2114L3 


4096 


Static, Common I/O 


1024x4 


18 


450 


450 


525 


+5 


3-54 


4096 


Static, Common I/O 


1024x4 


18 


200 


200 


525 


+5 


4096 


Static, Common I/O 


1024x4 


18 


300 


300 


525 


+5 


4096 


Static, Common I/O 


1024x4 


18 


450 


450 


370 


+5 


4096 


Static, Common I/O 


1024x4 


18 


200 


200 


370 


+5 


4096 


Static, Common I/O 


1024x4 


18 


300 


300 


370 


+5 
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RANDOM ACCESS MEMORIES (Cont.) 





Type 


No. 
of 
Bits 


Description 


Organi- 
zation 


No. 

of 

Pins 


Electrical Characteristics Over Temperature 


Page 
No. 




Access 
Time 
Max. 
(ns) 


Cycle 
Time 

Min. 

(ns) 


Power 
Dissipation 

Max.l^l 

Operating/ 

Standby (mW) 


Supplies (V) 


CO 

o 

LU 

1— 

cC 
CS 

o 

CJ 

—J 

CO 






STATIC RAMS (Contin 


ued) 










M2114 


4096 


static, Common I/O Ta = 
-55°C to +125°C 


1024x4 


18 


450 


450 


550 


+5 


14-7 


21 ISA 

2115A-2 
2115AL 
2115AL-2 


1024 


High Speed Static, Open Collector 


1024x1 


16 


45 


45 


655 


+5 


3-58 


1024 


High Speed Static, Open Collector 


1024x1 


16 


70 


70 


655 


+5 


1024 


High Speed Static, Open Collector 


1024x1 


16 


45 


45 


395 


+5 


1024 


High Speed Static, Open Collector 


1024x1 


16 


70 


70 


395 


+5 


2125A 

2125A-2 
2125AL 
2125AL-2 


1024 


High Speed Static, Three State 


1024x1 


16 


45 


45 


655 


+5 


3-58 


1024 


High Speed Static, Three State 


1024x1 


16 


70 


70 


655 


+5 


1024 


High Speed Static, Three State 


1024x1 


16 


45 


45 


395 


+5 


1024 


High Speed Static, Three State 


1024x1 


16 


70 


70 


395 


+5 


M2115A 

M2115AL 


1024 


High Speed Static, Open Collector 


1024x1 


16 


55 


55 


690 


+5 


14-11 


1024 


High Speed Static, Open Collector 


1024x1 


16 


75 


75 


415 


+5 


M2125A 

M2125AL 


1024 


High Speed Static, Three State 


1024x1 


16 


55 


55 


690 


+5 


14-11 


1024 


High Speed Static, Three State 
(-55°C to 125°C) 


1024x1 


16 


75 


75 


415 


+5 


2115H 


1024 


High Speed Static, Open Collector 


1024x1 


16 


25-35 


25-35 


655 


+5 


3-63 


2125H 


1024 


High Speed Static, Three State 


1024x1 


16 


25-35 


25-35 


655 


+5 


3-63 


2141-2 

2141-3 

2141-4 

2141-5 

2141L-3 

2141L-4 

2141L-5 


4096 


Static 


4096x1 


18 


120 


120 


385/110 


+5 




4096 


Static 


4096x1 


18 


150 


150 


385/110 


+5 


3-89 


4096 


Static 


4096x1 


18 


200 


200 


303/66 


+5 


4096 


Static 


4096x1 


18 


250 


250 


303/66 


+5 


4096 


Static 


4096x1 


18 


150 


150 


220/28 


+5 


4096 


Static 


4096x1 


18 


200 


200 


220/28 


+5 


4096 


Static 


4096x1 


18 


250 


250 


220/28 


+5 


2142 

2142-2 

2142-3 

2142L 

2142L-2 

2142L-3 


4096 


Static, with Output Enable 


1024x4 


20 


450 


450 


525 


+5 


4096 


Static, with Output Enable 


1024x4 


20 


200 


200 


525 


+5 


3-95 


4096 


Static, with Output Enable 


1024x4 


20 


300 


300 


525 


+5 


4096 


Static, with Output Enable 


1024x4 


20 


450 


450 


375 


+5 


4096 


Static, with Output Enable 


1024x4 


20 


200 


200 


375 


+5 


4096 


Static, with Output Enable 


1024x4 


20 


300 


300 


375 


+5 


2147 

2147-3 
2147L 


4096 


High Speed Static 


4096x1 


18 


70 


70 


880/110 


+5 


4096 


High Speed Static 


4096x1 


18 


55 


55 


990/165 


+5 


3-99 


4096 


High Speed Static 


4096x1 


18 


70 


70 


770/55 


+5 


2147H 


4096 


High Speed Static 


4096x1 


18 


35-45 


35-45 


990/165 


+5 


3-105 


M2147 


4096 


High Speed Static(-55°C to 125°C) 


4096x1 


18 


85 


85 


990/165 


+5 


14-15 


2148 


4096 


High Speed Static 


1024x4 


18 


60 


60 


825/165 


+5 


3-106 


SILICON \SCH0TTKY 
GATE CMOS \ BIPOLAR 


3101 

3101A 


64 


Fully Decoded 


16x4 


16 


60 


60 


525 


+5 


3-107 


64 


High Speed Fully Decoded 


16x4 


16 


35 


35 


525 


+5 


5101 

51 OIL 

5101L-1 

5101L-3 


1024 


Static CMOS RAM 


256x4 


, 22 


800 


800 


150/2.5 


+5 


3-111 


1024 


Static CMOS RAM 


256x4 


22 


650 


650 


135/20mW 


+5 


1024 


Static CMOS RAM 


256x4 


22 


450 


450 


135/20mW 


+5 


1024 


Static CMOS RAM 


256x4 


22 


650 


650 


135/1 


+5 


M5101-4 

M5101L-4 


1024 


Static CMOS RAM 
(-55°C to 125°C) 


256x4 


22 


800 


800 


168/1 


+5 


14-41 


1024 

„ 


Static CMOS RAM 
(-55°C to 125°C) 


256x4 


22 


800 


800 


168/400mW 


+5 



I 
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2101A/8101A-4* 
256 X 4 BIT STATIC RAM 



2101A-2 


250 ns Max. 


2101A 


350 ns Max. 


2101A-4 


450 ns Max. 



256 X 4 Organization to Meet Needs for 
Small System Memories 

Single +5V Supply Voltage 

Directly TTL Compatible: All Inputs and 
Output 

Statis MOS: No Clocks or Refreshing 
Required 

Simple Memory Expansion: Chip Enable 
Input 



Inputs Protected: All Inputs Have Pro- 
tection Against Static Charge 

Low Cost Packaging: 22 Pin Plastic Dual 
In-Line Configuration 

Low Power: Typically 150 mW 

Three-State Output: OR-Tie Capability 

Output Disable Provided for Ease of Use 
in Common Data Bus Systems 



The Intel® 21 01 A is a 256 word by 4-bit static random access memory element using N-channel MOS devices integrated on a 
monolithic array. It uses fully DC stable (static) circuitry and therefore requires no clocks or refreshing to operate. The data is 
read out nondestructively and has the same polarity as the input data. 

The 21 01 A is designed for memory applications where high performance, low cost, large bit storage, and simple interfacing are 
important design objectives. 

It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. Two chip-enables allow easy selection of 
an individual package when outputs are OR-tied. An output disable is provided so that data inputs and outputs can be tied for 
common I/O systems. The output disable function eliminates the need for bi-directional logic in a common I/O system. 

The Intel® 2101A is fabricated with N-channel silicon gate technology. This technology allows the design and production of 
high performance, easy-to-use MOS circuits and provides a higher functional density on a monolithic chip than either 
conventional MOS technology or P-channel silicon gate technology. 

Intel's silicon gate technology also provides excellent protection against contamination. This permits the use of low cost 
plastic packaging. 



PIN CONFIGURATION 



LOGIC SYMBOL 




Ao 




Ai 


DO, 


A2 




A3 


DO2 


A4 




A5 


DO3 


Ae 




A7 


DO4 


DI1 
DI2 


OD 


DI3 




D>4 




WE CE2 CE1 1 


T 


1 Y ' 





PIN NAMES 


DI,-DI, 


DATA INPUT 


CEj CHIP ENABLE 2 


Ao-A7 


ADDRESS INPUTS 


OD OUTPUT DISABLE 


WE 


WRITE ENABLE 


DO1-DO4 DATA OUTPUT 


CE, 


CHIP ENABLE 1 


Vcc POWER (+5V) 



BLOCK DIAGRAM 




^Ali 8101A-4 specs are identical to the 2101A-4 specs. 
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2101A FAMILY 



ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias -10°C to 80°C 

Storage Temperature -65°C to +150°C 

Voltage On Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1 Watt 



"COMMENT: 

Stresses above those listed under "Absolute Maximum 
Rating" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the de- 
vice at these or at any other condition above those indi- 
cated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect device reliability. 



■ 



D.C. AND OPERATING CHARACTERISTICS 

Ta = 0°C to 70°C, Vcc = 5V ±5% unless otherwise specified. 



Symbol 


Parameter 


Min. 


lyp^' 


Max. 


Unit 


Test Conditions 


Ili 


Input Current 




1 


10 


^l^ 


V,N = to 5.25V 


•loh 


Data Output Leakage Current 




1 


10 


/iA 


Output Disabled, VouT=4.0V 


'lol 


Data Output Leakage Current 




-1 


-10 


ma 


Output Disabled, VouT=0-45V 


'cci 


Power Supply 2101A. 2101A-4 




35 


55 


mA 


V,N = 5.25V, lo = 0mA 




Current 2101A-2 




45 


65 


Ta = 25°C 


'CC2 


Power Supply 2101A, 2101A-4 






60 


mA 


V|N = 5.25V, lo = 0mA 




Current 2101A-2 






70 


Ta=0°C 


V|L 


Input "Low" Voltage 


-0.5 




+0.8 


V 




V|H 


Input "High" Voltage 


2.0 




Vcc 


V 




Vol 


Output "Low" Voltage 






+0.45 


V 


loL = 2.0mA 


VOH 


Output "High" 2101A, 2101A-2 


2.4 






V 


lOH = -200juA 




voltage 2101A-4 


2.4 






V 


l0H= -150mA 



TYPICAL D.C. CHARACTERISTICS 



OUTPUT SOURCE CURRENT VS. 
OUTPUT VOLTAGE 



OUTPUT SINK CURRENT VS. 
OUTPUT VOLTAGE 



L \V 




AMBI 
-n°c. 


ENTTE 


MPERA 


TURE 




\^ 


P^ 


-25°C 
r-70°C 










\ 


V 














\ 














N 


^ 


Vcc = 4 
OUTPU 


75V 
T "HIG 


H"TYP 


ICAL 






v 






> 


V 









AMBI 


.NTTE 


MPERA 


— 1 

TURE = 


„.^ 


^y 


^ 








// 


z. 




y^ 






A 


y 


,/ 


y 








^ 


/ 


'70°C 








^ 


/ 


Vcc =4 
OUTPU 


.75V 
T "LOV 


V" TYP 


CAL 


J^ 


y 




/ 















NOTES: 1 . Typical values are for T^ = 25° C and nominal supply voltage. 
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2101A FAMILY 



A.C. CHARACTERISTICS FOR 2101A-2 (250 ns ACCESS TIME) 



READ CYCLE Ta = 0°C to 70°C, Vcc = 5V ±5%, unless otherwise specified. 



■ 



Symbol 


Parameter 


Min. 


Typ"' 


Max. 


Unit 


Test Conditions 


tRC 


Read Cycle 


250 






ns 




tA 


Access Time 






250 


ns 


tr, tf = 20ns 


tco 


Chip Enable To Output 






180 


ns 


Input Levels = 0.8V or 2.0V 


^OD 


Output Disable To Output 






130 


ns 


Timing Reference = 1.5V 


tDF^^l 


Data Output to High Z State 







180 


ns 


Load = 1 TTL Gate 


^OH 


Previous Read Data Valid 
after change of Address 


40 






ns 


and Cl= lOOpF. 



WRITE CYCLE 



Symbol 


Parameter 


Min. 


Typ'.'' 


Max. 


Unit 


Test Conditions 


twc 


Write Cycle 


170 






ns 




Uw 


Write Delay 


20 






ns 


tr, tf = 20ns 


tew 


Chip Enable To Write 


150 






ns 


Input Levels = 0.8V or 2.0V 


tow 


Data Setup 


150 






ns 


Timing Reference = 1.5V 


tDH 


Data Hold 









ns 


Load = 1 TTL Gate 


twp 


Write Pulse 


150 






ns 


and Cl= lOOpF. 


tWR 


Write Recovery 









ns 




^DS 


Output Disable Setup 


20 






ns 





CAPACITANCE 



[2] 



25 C, f = 1MHz 



Symbol 


Test 


Limits (pF) 


Typ.ni 


Max. 


C|N 


Input Capacitance 

(All Input Pins) V|m = OV 


4 


8 


Qdut 


Output Capacitance Vqut "^ OV 


8 


12 



WAVEFORMS 

READ CYCLE 



(COMMON I/O) l"* 




WRITE CYCLE 



o( 



(COMMON I/O) I' 



NOTES: 1. Typical values are for Ta = 25° C and nominal supply voltage. 

2. This parameter is periodically sampled and is not 100% tested. 

3. tpF is with respect to the trailing edge of CE-| , CE2, 
or OD, whichever occurs first. 



\ 



/ 



:::^ 



\ 



)C 



DATA IN 
STABLE 



/ 



7 



4. OD should be tied low for separate I/O operation. 
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2101A FAMILY 



2101A (350 ns ACCESS TIME) 
A.C. CHARACTERISTICS 



READ CYCLE Ta = 0°C to 70°C, Vqc = 5V ±5%, unless otherwise specified. 



Symbol 


Parameter 


Min. 


TVP'.'' 


Max. 


Unit 


Test Conditions 


tRC 


Read Cycle 


350 






ns 




tA 


Access Time 






350 


ns 


tr, tf - 20ns 


tco 


Chip Enable To Output 






240 


ns 


Input Levels = 0.8V or 2.0V 


tOD 


Output Disable To Output 






180 


ns 


Timing Reference = 1.5V 


tDF t2l 


Data Output to High Z State 







150 


ns 


Load = 1 TTL Gate 


tOH 


Previous Read Data Valid 
after change of Address 


40 






ns 


and Cl - lOOpF. 



■ 



WRITE CYCLE 



Symbol 


Parameter 


Min. 


TV^.^' 


Max. 


Unit 


Test Conditions 


%C 


Write Cycle 


220 






ns 




^AW 


Write Delay 


20 






ns 


tr,tf = 20ns 


tew 


Chip Enable To Write 


200 






ns 


Input Levels = 0.8V or 2.0V 


tow 


Data Setup 


200 






ns 


Timing Reference = 1.5V 


^DH 


Data Hold 









ns 


Load = 1 TTL Gate 


%P 


Write Pulse 


200 






ns 


and Cl = lOOpF. 


tWR 


Write Recovery 









ns 




^DS 


Output Disable Setup 


20 






ns 





2101A-4 (450 ns ACCESS TIME) 
A.C. CHARACTERISTICS 



READ CYCLE 


Ta = 0°C to 70°C, Vcc = 5V ±5%, unless otherwise specified. 






Symbol 


Parameter 


Min. 


Typ'^' 


Max. 


Unit 


Test Conditions 


tRC 


Read Cycle 


450 






ns 




tA 


Access Time 






450 


ns 


tr, tf = 20ns 


tco 


Chip Enable To Output 






310 


ns 


Input Levels = 0.8V or 2.0V 


tOD 


Output Disable To Output 






250 


ns 


Timing Reference = 1.5V 


tDFf2] 


Data Output to High Z State 







200 


ns 


Load = 1 TTL Gate 


tOH 


Previous Read Data Valid 
after change of Address 


40 






ns 


and Cl = lOOpF. 



WRITE CYCLE 



Symbol 


Parameter 


Min. 


TyJ.^' 


Max. 


Unit 


Test Conditions 


twc 


Write Cycle 


270 






ns 




tAW 


Write Delay 


20 






ns 


tr, tf = 20ns 


tew 


Chip Enable To Write 


250 






ns 


Input Levels = 0.8V or 2.0V 


tow 


Data Setup 


250 






ns 


Timing Reference = 1.5V 


tpH 


Data Hold 









ns 


Load = 1 TTL Gate 


tWP 


Write Pulse 


250 






ns 


and Cl = lOOpF. 


tWR 


Write Recovery 









ns 




*DS 


Output Disable Setup 


20 






ns 





NOTES: 1 . Typical values are for Ta = 25° C and nomina[ supply voltage. 

2. top is with respect to the trailing edge of CE-j, CE2, or CD, whichever occurs first. 
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Intel 



2102A, 2102AL/8102A-r 
1K X 1 BIT STATIC RAM 



I 





Standby Pwr. 


Operating Pwr. 


Access 


P/N 


(mW) 


(mW) 


(ns) 


2102AL-4 


35 


174 


450 


2102AL 


35 


174 


350 


2102AL-2 


42 


342 


250 


2102A-2 




342 


250 


2102A 




289 


350 


2102A-4 





289 


450 



Single +5 Volts Supply Voltage 

Directly TTL Compatible: All 
Inputs and Output 

Standby Power Mode (2102AL) 

Three-State Output: OR-Tie 
Capability 



Inputs Protected: All Inputs 
Have Protection Against Static 
Charge 

Low Cost Packaging: 16 Pin 
Dual-ln-Line Configuration 



The Intel® 2102A is a high speed 1024 word by one bit static random access memory element using N-channel MOS devices 
integrated on a monolithic array. It uses fully DC stable (static) circuitry and therefore requires no clocks or refreshing to 
operate. The data is read out nondestructively and has the same polarity as the input data. 

The 21 02A is designed for memory applications where high performance, low cost, large bit storage, and simple interfacing are 
important design objectives. A low standby power version (2102AL) is also available. It has all the same operating 
characteristics of the 2102A with the added feature of 35mW maximum power dissipation in standby and 174m Win operations. 

It is directly TTL compatible "n all respects: inputs, output, and a single +5 volt supply. A separate chip enable (CE) lead allows 
easy selection of an individual package when outputs are OR-tied. 

The Intel® 2102A is fabricated with N-channel silicon gate technology. This technology allows the design and production of 
high performance easy to use MOS circuits and provides a higher functional density on a monolithic chip than either 
conventional MOS technology or P-channel silicon gate technology. 



PIN 
CONFIGURATION 



AbC 

R/W C 

A, C 

A2 c 
A3 c 
A4 c 

AoC 



LOGIC SYMBOL 



2^ 


Ao 


D Ag 


Ai 


Da, 


A2 D,^ 
Ao 


D CE 


A4 


D DATA OUT 


A5 
Ag 


U DATA IN 

I] Vcc 
J GND 


A7 Dour 

As 

R/W CE 



PIN NAMES 



D,N 


DATA INPUT 


A0-A9 


ADDRESS INPUTS 


R/W 


READ/WRITE INPUT 


CE 


CHIP ENABLE 


Dqut 


DATA OUTPUT 


Vcc 


POWER (+5V) 



TRUTH TABLE 



CE 


R/W 


D,N 


DoUT \ 


MODE 


H 


X 


X 


HIGH Z 


NOT SELECTED 


L 


L 


L 


L 


WRITE "0" 


L 


L 


H 


H 


WRITE "1" 


L 


H 


X 


Dour 


READ 



BLOCK DIAGRAM 




(D, 



H>^»„ 



"Ail 8102A-4 specifications are identical to tlie 2102A-4 specifications. 
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2102A FAMILY 



Absolute Maximum Ratings* 

Ambient Temperature Under Bias -10°C to 80°C 
Storage Temperature -65° C to +150°C 

Voltage On Any Pin 

With Respect To Ground -0.5V to +7V 

Power Dissipation 1 Watt 



^COMMENT: 

Stresses above those listed under "Absolute Maximum Rating" 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or 
at any other condition above those indicated in the opera- 
tional sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may 
affect device reliability. 



I 



D. C. and Operating Characteristics 



Ta = C to 70 C, Vcc = 5V ±5% unless otherwise specified. 










Symbol 


Parameter 


2102A,2102A-4 

2102AL,2102AL-4 

Limits 

Min. Typ.[l] IVIax. 


2102A-2,2102AL-2 

Limits 

Min. Typ.Ill Max. 


Unit 


Test Conditions 


lu 


Input Load Current 


1 10 


1 10 


MA 


V,N = to 5.25V 


luOH 


Output Leakage Current 


1 5 


1 5 


AtA 


CE = 2.0V, 
Vom- = VoH 


•lol 


Output Leakage Current 


-1 -10 




-1 


-10 


AiA 


CE = 2.0V, 
VouT = 0.4V 


icc 


Power Supply Current 


33 Note 2 




45 


65 


mA 


All Inputs = 5.25V, 
Data Out Open, 
Ta = 0°C 


V|L 


Input Low Voltage 


-0.5 0.8 


-0.5 




0.8 


V 




V|H 


Input High Voltage 


2.0 Vcc 


2.0 




Vcc 


V 




Vol 


Output Low Voltage 


0.4 


0.4 


V 


l0L = 2.1mA 


VOH 


Output High Voltage 


2.4 


2.4 


V 


IOH = -100/^ 



Notes: 1. Typical values are for T/\ = 25° C and nominal supply voltage. 

2. The maximum Ice va'ue is 55mA for the 2102A and 2102A-4, and 33mA for the 2102AL and 2102AL-4. 

Standby Characteristics 2IO2AL, 2IO2AL-2, and 2IO2AL-4 (Available only in the Plastic Package) 

Ta =0°Cto70°C 



Symbol 


Parameter 


2102AL, 2102AL-4 

Limits 

Min. Typ.ni Max. 


Min. 


2102AL-2 
Limits 
Typ.ll] 


Max. 


Unit 


Test Conditions 


VPD 


Vcc in Standby 


1.5 


1.5 


V 




VcEsf2l 


CE Bias in Standby 


2.0 


2.0 


V 


2.0V<VpD<VccMax. 






VpD 


VpD 


V 


1.5V<VpD<2.0V 


•PDI 


Standby Current 




15 


23 




20 


28 


mA 


All lnputs=VpDi = 1.5V 


IPD2 


Standby Current 




20 


30 




25 


38 


mA 


All lnputs=VpD2 = 2.0V 


tcp 


Chip Deselect to Standby Time 








ns 




tR[31 


Standby Recovery Time 


tRC 


tRC 


ns 





STANDBY WAVEFORMS 




NOTES: 

1 . Typical values are for Ta = 25° C. 

2. Consider the test conditions as shown: If the stand- 
by voltage (Vpo) 's between 5.25V (Vcc Max.) and 
2.0V, then CE must be held at 2.0V Min. (V|h). If 
the standby voltage Is less_than 2.0V but greater than 
1.5V (VpD Min.), then CE and standby voltage 
must beat least the same value or, if they are dif- 
ferent, CE must be the more positive of the two. 

3. tR = tRC (READ CYCLE TIME). 
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2102A FAMILY 



A. C. Characteristics T^ = 0°C to 70°C, V^^. = 5V ±5% unless otherwise specified 
READ CYCLE 



I 



Symbol 


Parameter 


2102A-2, 2102AL-2 

Limits (ns) 
Min. Max. 


2102A, 2102AL 

Limits (ns) 

Min. Max. 


2102A-4,2102AL-4 

Limits (ns) 
Min. Max. 


tRC 


Read Cycle 


250 


350 


450 


tA 


Access Time 


250 


350 


450 


too 


Chip Enable to Output Time 


130 


180 


230 


tOHl 


Previous Read Data Valid with 
Respect to Address 


40 


40 


40 


tOH2 


Previous Read Data Valid with 
Respect to Chip Enable 











WRITE CYCLE 


twc 


Write Cycle 


250 


350 


450 


tAW 


Address to Write Setup Time 


20 


20 


20 


twp 


Write Pulse Width 

• 


180 


250 


300 


tWR 


Write Recovery Time 











tow 


Data Setup Time 


180 


250 


300 


tDH 


Data Hold Time 











tew 


Chip Enable to Write Setup 
Time 


180 


250 


300 



A.C. CONDITIONS OF TEST 

Input Pulse Levels: 
Input Rise and Fall Times: 
Timing Measurement Inputs: 
Reference Levels Output: 



Output Load: 



0.8 Volt to 2.0 Volt 
1 0nsec 
1.5 Volts 
0.8 and 2.0 Volts 
1 TTL Gate and Cl = lOOpF 



Capacitance^ Ta = 25°c, f = i mhz 



SYMBOL 


TEST 


LIMITS (pF) 


TYP.[1] 


MAX. 


^IN 


INPUT CAPACITANCE 
(ALL INPUT PINS) Vj^ = OV 


3 


5 


^OLIT 


OUTPUT CAPACITANCE 
VouT = OV 


7 


10 



Waveforms 

READ CYCLE 



WRITE CYCLE 



"vx® 



CHIP 
ENABLE 



DATA 
OUT 



A 



¥2 






:>c 



(T) 15 VOLTS 
,2> 2 VOLTS 
3" 8 VOLTS 



NOTES: 1 . Typical values are for T/^ - 25° C and nominal supply voltage. 
2. This parameter is periodically sampled and is not 100% tested. 
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2102A FAMILY 



Typical D. C. and A. C. Characteristics 



POWER SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE 













C MAX. 












Vc 




















~^ 


-— . 





'PICAL 



































10 20 30 40 50 60 70 

T. ("O 



POWER SUPPLY CURRENT VS. 
SUPPLY VOLTAGE 

















'a 




. 










/ 


^^^TYPICAL 

1 








/ 


/ 












/ 





























V„„ (VOLTS) 



ViN LIMITS VS. TEMPERATURE 



> 1.4 - 







TYPICAL 

1 1 










V 


'm f/M/^ 


; 




■ . 






V 


L fMA> 


') 




- 






V 


CC = 5.( 


V 







10 20 30 40 50 60 70 

Ta (°c) 



OUTPUT SINK CURRENT VS. 
OUTPUT VOLTAGE 

























^ 


-— 


— 






/ 


^" 


TYPICAL 






/ 


/ 










y 


/ 




\ - 

Vcc 


25° C 

MIN. 






/ 















Vql (VOLTS) 



ACCESS TIME VS. 
AMBIENT TEMPERATURE 











1 

Vcc '^"^• 












1 TTL LOAD 












Cl = 


OOpF 


^^ 


— 


TYPK 


:al 












OUTPL 


T REFt 


IRENCE 


LEVEL 


5=VoH 


= 2.0V 












Vol =0-8V 



10 20 30 40 50 60 70 

Ta <°c) 



ACCESS TIME VS. 
LOAD CAPACITANCE 
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irrtel 



2104A 
4096 X 1 BIT DYNAMIC RAM 






2104A 


Max. Access Time (ns) 


350 


Read, Write Cycle <ns) 


500 


Max. IDD (mA) 


35 



Highest Density 4K RAM Industry Stan- 
dard 16 Pin Paclcage 

Low Power 4K RAIVI 

Ail Inputs Including Clocks TTL 
Compatible 

Standard Power Supplies: 
+12V, +5V, -5V 



Refresh Period: 2 ms 

On-Chip Latches for Addresses, Chip 

Select and Data In 

Simple Memory Expansion: Chip Select 

Output is Three-State, TTL Compatible; 
Data is Latched and Valid into Next Cycle 

Compatible with Intel® 2116 16K RAM 



The Intel® 21 04A is a 4096 word by 1 bit MOS RAM fabricated with N-channel silicon gate technology for high performance 
and high functional density. 

The efficient design of the 21 04A allows it to be packaged in the industry standard 16 pin dual-in-line package. The 16 pin 
package provides the highest system bit densities and is compatible with widely available automated handling equipment. 

The use of the 16 pin package is made possible by multiplexing the 12 address bits (required to address 1 of 4096 bits) into 
the 2104A on 6 address input pins. The two 6 bit address words are latched into the 2104A by the two TTL clocks, Row 
Address Strobe (RAS) and Column Address Strobe (CAS). Non-critical clock timing requirements allow use of the 
multiplexing technique while maintaining high performance. 

A new unique dynamic storage cell provides high speed along with low power dissipation and wide volta ge m argins. The 
memory cell requires refreshing for data retention. Refreshing is easily accomplished by performing any RAS/CAS cycle 
with CS at ViH for each of the 64 row addresses every 2 milliseconds. 

The 2104A is designed for CAS-only deselect and is compatible with Intel® 2116, 16K RAM. 



PrN CONFIGURATION LOGIC DIAGRAM 



we! 

RAS 
AoCll 



15 Z]CAS 

14 ZD^OUT 
13 JCS 

12 Z]A3 

11 Z3\ 

10 I] As 

9 Zl^CC 



— 


Ao 
^1 




— 


A, 


D,N 


z 


A3 
A4 




— 


A5 


DOUT 


— o 


RAS 




—0 


CAS 




—o 


WE 




-^ 


CS 





PIN NAMES 



Ao As 


ADDRESS INPUTS 


WE 


WRITE ENABLE 


CAS 


COLUMN ADDRESS STROBE 


Vbb 


POWER (-5V) 


CS 


CHIP SELECT 


Vcc 


POWER (+5V) 


D,N 


DATA IN 


Vdo 


POWER (+12V) 


DOUT 


DATA OUT 


Vss 


GROUND 


RAS 


ROW ADDRESS STROBE 





BLOCK DIAGRAM wi 



A5- 



7 BIT 

LATCH 

(COLUMN) 



ADDRESS 
"BUS 



^ 



CLOCK 
GENERATOR NO. 2 



DATA 

IN 
LATCH 



10F64 
COLUMN DECODER 



64 SENSE AMPS 
I/O GATING 



o 



6 BIT 
LATCH 
(ROW) 



OUTPUT 

LATCH AND 

BUFFER 



^3 

s) H. 



4096 BIT 
STORAGE ARRAY 



CLOCK 
GENERATOR NO. 1 



Dqut 



3-12 



2104A 



ABSOLUTE MAXIMUM RATINGS'^ 



Ambient Temperature Under Bias -10°Cto +80°C 

Storage Temperature -65°C to +150°C 

Voltage on any Pin Relative to Vge 

(Vss - Vbb > 4.5V) -0.3V to +20V 

Power Dissipation LOW 

Data Out Current 50 mA 



*COMMENT: Stresses above those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sec- 
tions of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device 
reliability. 



[1] 




D.C. AND OPERATING CHARACTERISTICS 

Ta = 0°C to 70°C, Vdd = +12V±5%, Vcc = +5V±10%, Vbb = -5V±10%, Vss = OV, unless otherwise noted. 





Parameter 


Limits 


Unit 




Symbol 


Min. 


TypJ2] 


Max. 


Conditions 


Ili 


Input Load Current (Any Input) 






10 


ma 


V|N = V|L MIN to V|H MAX 


HloI 


Output Leakage Current for 
High Impedance State 






10 


ma 


Chip Deselected: RAS and CAS at V|h 
VouT = to 5.5V 


lDDl"l 


Vdd Standby Current 




0.7 


2 


mA 


Vdd = 12.6V, CAS and RAS at V|h. 


'bbi 


Vbb Standby Current 




5 


50 


ma 


Chip Deselected Prior to Measure- 
ment. See Note 5. 


lDD2t21 


Operating Mod Current 




25 


35 


mA 


tcYC = 500 ns 


IbB2 


Operating Vbb Current 




130 


400 


ma 


tRC -500ns, Ta -0°C 


iccif^^ 


Vcc Supply Current When 
Deselected 






10 


ma 




V|L 


Input Low Voltage (Any Input) 


-1.0 




0.8 


V 




V|H 


Input High Voltage 


2.4 




7.0 


V 




Vol 


Output Low Voltage 


0.0 




0.4 


V 


lOL = 2.0mA 


VOH 


Output High Voltage 


2.4 




Vcc 


V 


Iqh = -5 mA 



CAPACITANCE 



[6] 



Ta = 25° C 



Symbol 


Test 


Typ. 


Max. 


Unit 


Conditions 


C|i 


Input Capacitance (A0-A5), D|n, CS 


3 


7 


pF 


V|N = Vss 


Cl2 


Input Capacitance RAS, WRITE 


3 


7 


pF 


V|N = Vss 


Co 


Output Capacitance (Dqut) 


4 


7 


pF 


VouT = OV 


C|3 


Input Capacitance CAS 


6 


7 


pF 


V|N = Vss 



Notes: 1. All voltages referenced to Vss- The only requirement for the sequence of applying voltages to the device is that Vdd» ^cC' ^"d 
Vss should never be 0.3V or more negative than Vbb- After the application of supply voltages or after extended periods of o pera- 
tion with out clocks, the device must perform a minimum of one initialization cycle (any valid memory cycles containing both RAS 
and CAS) prior to normal operation. 

2. Typical values are for T^ = 25° C and nominal power supply voltages. 

3. The I DD current flows to Vss- 

4. When chip is selected Vqc supply current is dependent on output loadin g. Vc c 's connected to output buffer only. 

5. The chip is deselected; i.e., output Is brought to high impedance state by CAS-only cycle or by a read cycle with CS at V|h- 

6. Capacitance measured with Boonton Meter. 
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A.C.CHARACTERISTICS^^' 

Ta = 0°C to 70°C, Vdd = 12V ±5%, Vcc = 5V ±10%, Vbb = -5V ±10%, Vss = OV, unless otherwise noted. 
READ, WRITE, AND READ MODIFY WRITE CYCLES 



I 



Symbol 


Parameter 


2104A 


Unit 


Min. 


Max. 


tREF 


Time Between Refresh 




2 


ms 


tRP 


RAS Precharge Time 


150 




ns 


tCP 


CAS Precharge Time 


150 




ns 


tRCLf2] 


RAS to CAS Leading Edge Lead Time 


100 


150 


ns 


^CRP 


CAS to RAS Precharge Time 







ns 


tRSH 


RAS Hold Time 


200 




ns 


tCSH 


CAS Hold Time 


350 




ns 


tAR 


RAS to Address or CS Hold Time 


250 




ns 


tASR 


Row Address Set-Up Time 







ns 


tASC 


Column Address or CS Set-Up Time 







ns 


tRAH 


Row Address Hold Time 


100 




ns 


tCAH 


Column Address or CS Hold Time 


100 




ns 


tJ 


Rise or Fall Time 


3 


50 


ns 


tOFF 


Output Buffer Turn-Off Delay 





100 


ns 


tCAC^^^ 


Access Time From CAS 




200 


ns 


tRAC^^^ 


Access Time from RAS 




350 


ns 


READ CYCLE 


Symbol 


Parameter 


2104A 


Unit 


Min. 


Max. 


tRC 


Random Read or Write Cycle Time 


500 




ns 


tRAS 


RAS Pulse Width 


350 


32000 


ns 


tCAS 


CAS Pulse Width 


200 




ns 


tRCS 


Read Command Set-Up Time 







ns 


tRCH 


Read Command Time 







ns 


tDOH 


Data Out Hold Time 


32 




MS 


WRITE CYCLE^^^ 


Symbol 


Parameter 


2104A 


Unit 


Min. 


Max. 


tRC 


Random Read or Write Cycle Time 


500 




ns 


tRAS 


RAS Pulse Width 


350 


32000 


ns 


tCAS 


CAS Pulse Width 


200 




ns 


twcs 


Write Command Set-Up Time 







ns 


tWCH 


Write Command Hold Time 


100 




ns 


tWCR 


Write Command Hold Time Referenced to RAS 


250 




ns 


twp 


Write Command Pulse Width 


100 




ns 


tRWL 


Write Command to RAS Lead Time 


200 




ns 


tCWL 


Write Command to CAS Lead Time 


200 




ns 


tDS 


Data-in Set-Up Time 







ns 


tDH 


Data-in Hold Time 


100 




ns 


^DHR 


Data-in Hold Time Referenced to RAS 


250 




ns 



Notes: 



1 . All voltages referenced to Vss- Minimum timings do not allow for tj or skews. 

2. CAS must remain at Vjh a minimum of tpcL MIN ^^^^r RAS switches to V|l. To achieve the minimum guaranteed access time 
(*RAC)' CAS must switch to V|l at pr before tpcL o^ ^RAC ~ ^T "* ^CAC ^^ described in the Applications Information section. 
tRCL MAX is given for reference only as tpAC - ^CAC- 

3. Load = 2 TTL and 100 pF. See Applications Information. 

4. In a write cycle DquT '^tch will c ontain data written into cell. In a read-modify-write cycle DquT '^^ch will contain data read 
from cell. If WE goes low after CAS and prior to t^AC' i^OUT is indeterminate. 
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WAVEFORMS 

READ CYCLE 



RAS 



Mh- 



^^© 



-^AS- 



^\\Vsa 



^ 



ROW 
ADDRESS 



3: 



12 



COLUMN 
ADDRESS 



mj V 



-*CAH- 



T 



--*CAH- 



L 



-t^p — 




7©~ 



HIGH IMPEDANCE 



\ 



-tDOH *■ 



(VALID A 

DATA OUT ]/ 



WRITE CYCLE 



ADDRESSES 



C5 



'\)UT 



^\ 



© 



© 



-<nc- 



*RAS 



® 



-*CSH- 



-*RCL- 



^^S^; 



© 



• — *RAH — A ^ASC -* 

ROW ^^ \/ 

ADDRESS y^ y^_ 



\© 



:^5 



-Vfcs- 



>^ 



®<DS- 



3^ 



COLUMN 
ADDRESS 



-V;CR 



-^P 



©^ 



® 



/ 



® 



~*CAS~ 



^ ., tgp »► 



-*CAH- 



X 



-*CAH- 



z 



-*WCH- 



-w- 



-*CRP- 



■L 



-*DH- 



,®_ 



K 



® 



75 



HIGH IMPEDANCE 



w 



I® VALID \ 

\ DATA OUT _Ji 



(See next page for notes) 
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.[1] 



A.C.CHARACTERISTICS' 

Ta = 0°C to 70°C, Vdd=12V±5%, Vcc=5V±10%, Vbb = -5V±10%, Vss = OV, unless otherwise noted. 
READ-MODIFY-WRITE CYCLE 



■ 



Symbol 


Parameter 


2 104 A 


Unit 


Min. 


Max. 


tRWC 


Read Modify Write Cycle Timef^] 


700 




ns 


tCRW 


RMW Cycle CAS Width 


400 




ns 


tRRW 


RMW Cycle RAS Width 


550 




ns 


tRWL 


RMW Cycle RAS Lead Time 


200 




ns 


tcWH 


RMW Cycle CAS Hold Time 


550 




ns 


tcWL 


Write Command to CAS Lead Time 


200 




ns 


twp 


Write Command Pulse Width 


100 




ns 


tRCS 


Read Command Set-Up Time 







ns 


tMOD 


Modify Time 





10 


MS 


tDS 


Data-in Set-Up Time 







ns 


tpH 


Data-in Hold Time 


100 




ns 



Notes: 1. All voltages referenced to Vss- 

2. The minimum cycle timing does not allow for t-r or skews. 



WAVEFORMS 

READ-MODIFY-WRITE CYCLE 



®^v® 



-*RWC- 



®^^^ 



fCT) ROW 

J ^-^ ADDRESS 



^ 



^RAH 
*ASC 



n 



COLUMN 
ADDRESS 



® 



&l 



® 



®> 



DoL 



T 



£ 



^ IMPEDANCE 






® 



-*RWL- 



/ 



/l^' 



-*CRP- 



V 



V 



_tcp- 



'^. t 



1^*050 



^'(?) DATA IN 'C7 
}^y VALID A 



® 



H® 



m_ 



VALID 
DATA OUT 



1 



Notes: 1,2. V|hmIN and V||_|viax ^''^ reference levels for measuring timing of input signals. 
3,4. VoHMIN and VqlMAX are reference levels for measuring timing of DquT- 

5. Referenced to CAS or WE, whichever occurs last. 

6. In a write cycle Dqut 'atch will contain data written into cell. In a read-mod ify-write cycle DquT 'atch will contain 
data read from cell. If WE goes low after CAS and prior to tcAC' ^OUT '^ indeterminate. 
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TYPICAL CHARACTERISTICS 



2104A 



TYPICAL Ibb2 AND Idd2 
VS. TEMPERATURE 







vdd 


= 12.0V 






vbb 


= -5.0V 






tRC 


= 500 ns 






tRCL 


= 100 ns 








- 150 ns 




IdD2 


.^ ^ 






>BB2 


■ , 





TYPICAL Ibb2 AND 1 
VS. CYCLE TIME 


DD2 






Vdd 
Vbb 
ta 

tCAS 


= 12.0V 
= -5.0V 
= 25°C 
= 200 ns 
- 100 ns 










N 




...,^^^^>DD2 




V 




^ '-1^ 


'"^ 



TYPICAL ACCESS TIME 
VS. TEMPERATURE 







Vdd 
Vbb 


= 11.4V 
= -5.5V 


■— 


—- — r^ 

tBCt 


ns 





















■ 



200 400 



TEMPERATURE (°C) 



TEMPERATURE CO 



APPLICATIONS 



ADDRESSING 

Two externally applied negative going TIL clocks, Row 
Address Strobe (RAS), and Column Address Strobe 
(CAS), are used to strobe the two sets of 6 addresses into 
internal address buffer registers. The first clock, RAS, 
strobes in the six low order addresses (A0-A5) which 
selects one of 64 rows and begins the timing which 
enables the column sense amplifiers. The second clock, 
CAS, strobes in the six high order addresses (A6-A11) to 
select one of 64 column sense amplifiers and Chip Select 
(CS) which enables the data out buffer. 

An address map of the 21 04A is shown below. Address "0"' 
corresponds to all addresses at Vil- All addresses are 
sequentially located on the chip. 

2104A Address Map 



4032 

ARRAY 
(DATA IN) 

4095 63 




8 

D 

s 

cc 


SENSE AMPLIFIER 




COLUMN DECODER 





system access time since the decode time for chip select 
does not enter into the calculation for access time. 

Both the RAS and CAS clocks are TTL compatible and do 
not require level shifting and driving at high voltage MOS 
levels. Buffers internal to the 2104A convert the TTL level 
signals to MOS levels inside th^ device. Therefore, the 
delay associated with external TTL-MOS level converters 
is not added to the 2104A system access time. 



READ CYCLE 

A Read cycle is performed by maintaining Write Enable 
(WE) high during CAS. The output pin of a selected device 
will unconditionally go to a high impeda nce state 
immediately following the leading edge of CAS and 
remain in this state until valid data appears at the output at 
access time. The selected output data i s inte rnally latched 
and will remain valid until a subsequent CAS is given to the 
device by a Read, Write, Read-Modify-Write, CAS only or 
Refresh cycle. Data-out goes to a high impedance state for 
all non-selected devices. 

Device access time, tACc, is the longer of two calculated 
intervals: 



1 • UCC - tRAC OR 2. tACC - tRCL + tj + tcAC 



DATA CYCLES/TIMING 

A memory cycle be gins with addresses stable and a 
negative transition of RAS. See the waveforms on page 4. 
It is not necessary to kn ow w hether a Read or Write cycle 
is to be performed until CAS becomes valid. 

Note that Chip Sel ect ( CS) does not have to be valid until 
the second clock, CAS. It is, therefore, possible to start a 
memory cycle before it is known which device must be 
selected. This can result in a significant improvement in 



Access time from RAS, tRAc, and access time from CAS, 
tcAc, are device parameters. Row to column address 
strobe lead time, tRCL, and transition time, tx, are system 
dependent timing parameters. For example, substituting 
the device parameters of the 2104A and assuming a TTL 
level transition time of 5 ns yields: 

3- tAcc =" tRAC = 350 ns for 100 nsec<tRCL'^ 145 nsec 
OR 

4. tAcc = tRCL + tj + tcAC ^ tRCL + 205 ns for 
tRCL> 145 ns. 
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■ 



Note that if 100 nsec < tpcL "^ 145 nsec, device access 
time is determined by equation 3 and is equal to tpAC- 'f 
tpcL ^ 145 nsec, access time is determined by equation 4. 
This 45 ns interval (shown in the tRCL inequality in equa- 
tion 3) in which the failing edge of CAS can occur without 
affecting access time is provided to allow for system timing 
skew in the generation of CAS. This allowance for a tpcL 
skew is designed in at the device level to allow minimum 
access times to be achieved in practical designs. 

WRITE CYCLE 

A Write Cyc le is gener ally p erformed by bringing Write 
Enable (WE) low before CAS. Douxwill be t he da ta written 
into the cell addressed. If WE goes low after CAS and prior 
to tcAC, Dqut will be indeterminate. 

READ-MODIFY-WRITE CYCLE 

A Read-Modi fy-W rite Cycle is performed by bringing 
Write Enable (WE) low after access time, tRAC, with RAS 
and CAS low. Data in must be valid at or before the falling 
edge of WE. In a read-modify-write cycle Dqut is data read 
and does not change during the modify-write portion of 
the cycle. 

CAS ONLY (DESELECT) CYCLE 

In some applications, it is desirable to be able to deselect 
all memory devices without running a regular memory 
cycle. Thi s ma y be accomplished with t he 2 104A by per- 
forming a CAS-Only Cycle. Receipt of a CAS without RAS 
deselects the 2104A and forces the Data Output to the 
high-impedance state. This places the 2104A in its lowest 
power, standby co nditi on. Iqd will be about twice Iqdi ^o"" 
the first cy cle o f CAS-only deselection and Idqi for_any 
additional CAS-only cycles. The cy cle t i ming and CAS 
timing should be just as if a normal RAS/CAS cycle was 
being performed. 

I RAS/CAS CYCLE | CAS ONLY CYCLE I 

100 200 300 400 500 600 700 800 900 lOOO(ns) 



—1/1 



+120 p 
+100- 



•dd 
(mA) 



-M 



r-V^-\ 



juI 



I 



TYPICAL SUPPLY CURRENTS VS. TIME 



CHIP SELECTION/DESELECTION 

The 2104A is selected by driving CS low during a Read, 
Write, or Read-Modify-Write cycle. A device is deselected 
by 1) driving CS high during a Read, Writ e, or Read- 
Modify-Write cycle or 2) performing a CAS Only cycle 
independent of the state of CS. 

REFRESH CYCLES 

Each of the 64 rows internal to the 2104A must be 
refreshed every 2 msec to maintain data. Any data cycle 
(Read, Write, Read-Modify-Write) refreshes the entire 
selected row (defined by the low order row addresses). 
The refresh operation is independent of the state of chip 
select. It is evident, of course, that if a Write or Read- 
Modify-Write cycle is used to refresh a row, the device 
should be deselected (CS high) if it is desired not to 
change the state of the selected cell. 

RAS/CAS TIMING 

The device clocks, RAS and CAS, control operation of the 
2104A. The timing of each clock and the timing 
relationships of the two clocks must be understood by the 
user in order to obtain maximum performance in a 
memory system. 

The RAS and CAS have minimum pulse widths as defined 
by tRAs and tcAs respectively. These minimum pulse 
widths must be maintained for proper device oper ation 
and data integrity. A cycle, once begun by driving RAS 
and/or CAS low must not be ended or aborted prior to 
fulfilling the minimum clock signal pulse width(s). A new 
cycle must not begin until the minimum precharge time, 
tRP, has been met. 

POWER SUPPLY 

Typical power supply current wave forms versus tim e are 
shown below for both a RAS/CAS c ycle and a CAS only 
cycle. JDD and Ibb current surges at RAS and CAS edges 
make adequate decoupling of these supplies important. Due 
to the high frequency noise component content of the cur- 
rent waveforms, the decoupling capacitors should be low 
Inductance, ceramic units selected for their high frequency 
performance. 

It is recommended that a 0.1 nf ceramic capacitor be con- 
nected between N/qd and Vss at every other device in the 
memory array. A 0.1 juF ceramic capacitor should also be 
connected between Vbb and Vss at every other device 
(preferably the alternate devices to the Vpo decoupling). 
For each 16 devices, a lOjuF tantalum or equivalent capaci- 
tor should be connected between Vqq and Vss near the 
array. An equal or slightly smaller bulk capacitor is also 
recommended between Vbb and Vss for every 32 devices. 

A 0.01 /xF ceramic capacitor is recommended between Vqc 
and Vss at every eighth device to prevent noise coupling to 
the Vcc line which may affect the TTL peripheral logic in 
the system. 
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Due to the high frequency characteristics of the current gridded both horizontally and vertically at each device in 

waveforms, the inductance of the power supply distribution the array. This technique allows use of double-sided circuit 

system on the array board should be minimized. It is boards with noise performance equal to or better than 

recommended that the Vqd, Vbb/ and Vss supply lines be multi-layered circuit boards. 




■ 



D|N DquT 



D|N DquT 



DECOUPLING CAPACITORS 

D = 0.1 idf to Vdd to Vss 
B = 0.1 mF Vbb to vss 
c = 0.01 mF Vcc to Vss 
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2104A FAMILY 
4096 X 1 BIT DYNAMIC RAM 





2104A-1 


2104A-2 


2104A.3 


2104A-4 


Max. Access Time (ns) 


150 


200 


250 


300 


Read, Write Cycle (ns) 


320 


375 


375 


425 


Max. IDD (mA) 


35 


32 


30 


30 



Highest Density 4K RAM Industry Stan- 
dard 16 Pin Paclcage 

Low Power 4K RAM: 462mW Operating 
27mW Standby 

All Inputs Including Clocks TTL 
Compatible 

±10% Tolerance on All Power Supplies 
+12V, +5V, -5V 



Refresh Period: 2 ms 

On-Chip Latches for Addresses, Chip 
Select and Data In 

Simple Memory Expansion: Chip Select 

Output is Three-State, TTL Compatible; 
Data is Latched and Valid into Next Cycle 

RAS-Only Refresh Operation 



The Intel® 2104A is a 4096 word by 1 bit MOS RAM fabricated with N-channel silicon gate technology for high performance 
and high functional density. 

The efficient design of the 2104A allows it to be packaged in the industry standard 16 pin dual-in-line package. The 16 pin 
package provides the highest system bit densities and iscompatiblewith widely available automated handling equipment. 

The use of the 16 pin package is made possible by multiplexing the 12 address bits (required to address 1 of 4096 bits) into 
the 2104A on 6 address input pins. The two 6 bit address words are latched into the 2104A by the two TTL clocks, Row 
Address Strobe (RAS) and Column Address Strobe (CAS). Non-critical clock timing requirements allow use of the 
multiplexing technique while maintaining high performance. 

A new unique dynamic storage cell provides high speed along with low power dissipation and wide voltage ma rgins . The 
memory cell requires refreshing for data retention. Refreshing Is most easily accomplished by performing a RAS-only 
refresh cycle or read cycle at each of the 64 row addresses every 2 milliseconds. 

The 2104A is designed for page mode operation, RAS-only refresh, and CAS-only deselect. 



PIN CONFIGURATION LOGIC DIAGRAM 



WE I 
RAS I 



^00 C 



I CAS 

Zl^OUT 

jcs 

Z]^ 

ZJ-cc 



— 


Ao 




— 


A2 
A3 


D,N 


— 


A5 


Dqut 


— -o 


RAS 




— 


CAS 




— 


WE 




-<3 


cs 





PIN NAMES 



Ao A5 


ADDRESS INPUTS 


WE 


WRITE ENABLE 


CAS 


COLUMN ADDRESS STROBE 


Vbb 


POWER (-5V) 


OS 


CHIP SELECT 


Vcc 


POWER (+5V) 


Din 


DATA IN 


Vdo 


POWER ( + 12V) 


OOUT 


DATA OUT 


Vss 


GROUND 


-^ 


ROW ADDRESS STROBE 


1 



BLOCK DIAGRAM 



As- 



;=:> 



ADDRESS 
" BUS 



6 BIT 

LATCH 
(ROW) 



^ 



CLOCK 
GENERATOR NO 2 



DATA 

IN 
LATCH 



1 OF 64 
COLUMN DECODER 



64 SENSE AMPS 
I/O GATING 



>s) HL 



CLOCK 
GENERATOR NO 1 



OUTPUT 

LATCH AND 

BUFFER 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias -10°Cto+80°C 

Storage Temperature -65°C to +150°C 

Voltage on any Pin Relative to Vbb 

(Vss - Vbb > 4.5V) -0.3V to +20V 

Power Dissipation LOW 

Data Out Current 50 mA 

D.C. AND OPERATING CHARACTERISTICS 



"COMMENT: 

Stresses above those listed under "Absolute Maximum Rat- 
ings ' may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at 
these or any other conditions above those indicated in the 
operational sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

[1] 
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Ta = to 70 C, Vdd = +12V ±10%, Vcc = +5V ±10%, Vbb = -5V ±10%, Vss = OV, unless otherwise noted. 





Parameter 


Limits 


Unit 






Symbol 


Min. 


Typ.<2) 


Max. 


Conditions 


Ili 


Input Load Current (any input) 






10 


ma 


V|N = Vss to V|H MAX 


HloI 


Output Leakage Current for 
High Impedance State 






10 


AiA 


Chip deselected: RAS and CAS at V|h 
VouT = 0to5.5V 


Iddi^^^ 


Vqd Standby Current 




0.7 


2 


mA 


Vdd= 13.2V 


CAS and RAS at V|h. 




0.7 


1.5 


mA 


Vdd= 12.6V 


Chip deselected prior 
to measurement. 
See Note 5. 


Ibbi 


Vbb Standby Current 




5 


50 


mA 


Vdd= 13.2V 


lDD2^^^ 


Operating Vqd Current 




24 


35 


mA 


2104A-1 tRc =tRCMlN 




22 


32 


mA 


2104A-2 tRc = tRCMIN 




20 


30 


mA 


2104A-3, 2104A-4 tRc = tpc min 


IbB2 


Operating Vbb Current 




130 


325 


HA 


Min cycle time. T^ = 0°C 


iccif^^ 


Vcc Supply Current when 
Deselected 






10 


HA 




1dD3 


Operating Vqd Current 
(RAS-only cycle) 




12 


25 


mA 


2104A-1, 2104A-2 tpc = tpc min 




10 


22 


mA 


2104A-3, 2104A-4 tRc = tRc min 


V|L 


Input Low Voltage (any input) 


-1.0 




0.8 


V 




V|H 


input High Voltage (any input) 


2.4 




7.0 


V 




Vol 


Output Low Voltage 


0.0 




0.4 


V 


Iql = 3.2 mA 


VOH 


Output High Voltage 


2.4 




Vcc 


V 


loH = -5 mA 



CAPACITANCE 



[6] 



Ta = 25°C 



Symbol 


Test 


Typ. 


Max. 


Unit 


Conditions 


Cii 


Input Capacitance (A0-A5, Din, CS) 


3 


7 


pF 


V,N = Vss 


C|2 


Input Capacitance (RAS, WRITE) 


3 


7 


pF 


V,N = Vss 


Co 


Output Capacitance (Dqut) 


4 


7 


pF 


VouT = OV 


Cl3 


input Capacitance (CAS) 


6 


7 


pF 


V|N = Vss 



Notes: 1. Ail voltages referenced to Vss- The only requirement for the sequence of applying voltages to the device is that Vqq, Vqc. 3"^ 
Vss should never be 0.3V or more negative than Vgg. After the application of supply voltages or after extended periods of o pera- 
tion with out clocks, the device must perform a minimum of one initialization cycle (any valid memory cycles containing both RAS 
and CAS) prior to normal operation. 

2. Typical values are for T^ = 25°C and nominal power supply voltages. 

3. The Iqd current flows to Vss- 

4. When chip is selected Vqq supply current is dependent on output loadin g. Vc C 'S connected to output buffer only. 

5. The chip is deselected; i.e., output is brought to high impedance state by CAS-only cycle or by a read cycle with CS at Vjh- 

6. Capacitance measured with Boonton Meter. 
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[1.2] 



A.C.CHARACTERISTICS 

Ta=0°C to 70°C,Vdd=12V ±10%,Vcc=5V ±10%,VgB=-5V ±10%, Vss=OV,unless otherwise noted. 
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READ, WRITE, AND READ MODIFY WRITE CYCLES 


















Symbol 


Parameter 


2104A-1 

Min. Max. 


2104A-2 
Min. Max. 


2104A-3 
Min. Max. 


2104A-4 
Min. Max. 


Unit 


tREF 


Time Between Refresh 


2 


2 


2 


2 


ms 


tRP 


RAS Precharge Time 


100 


120 


120 


125 


ns 


tCP 


CAS Precharge Time 


60 


80 


110 


110 


ns 


tRCoI^J 


RAS to CAS Delay Time 


20 


50 


25 


65 


35 


85 


80 


135 


ns 


tCRP 


CAS to RAS Precharge Time 














ns 


tRSH 


RAS Hold Time 


100 


135 


165 


165 


ns 


tAR 


RAS to Address or CS Hold Time 


95 


120 


160 


215 


ns 


tASR 


Row Address Set-Up Time 














ns 


tASC 


Column Address or CS Set-Up Time 


-10 


-10 


-10 


-10 


ns 


tRAH 


Row Address Hold Time 


20 


25 


35 


80 


ns 


tCAH 


Column Address or CS Hold Time 


45 


55 


75 


80 


ns 


tj 


Rise or Fall Time 


3 


50 


3 


50 


3 


50 


3 


50 


ns 


tOFF 


Output Buffer Turn-Off Delay 





50 





60 





60 





80 


ns 


tCAcI^'^l 


Access Time From CAS 


100 


135 


165 


165 


ns 


tRAcI^l 


Access Time From RAS 


150 


200 


250 


300 


ns 



READ CYCLE 



Symbol 


Parameter 


2104A-1 

Min. Max. 


2104A-2 

Min. Max. 


2104A-3 

Min. Max. 


2104A-4 

Min. Max. 


Unit 


tRC 


Random Read or Write Cycle Time 


320 


375 


375 


425 


ns 


tRAS 


RAS Pulse Width 


150 10000 


200 10000 


250 10000 


300 10000 


ns 


^CAS 


CAS Pulse Width 


100 


135 


165 


165 


ns 


tRCS 


Read Command Set-Up Time 














ns 


tRCH 


Read Command Hold Time 














ns 


tDOH 


Data Out Hold Time 


10 


10 


10 


10 


MS 



WRITE CYCLE 



Symbol 


Parameter 


2104A-1 
Min. Max. 


2104A-2 
Min. Max. 


2104A-3 
Min. Max. 


2104A-4 
Min. Max. 


Unit 


tRC 


Random Read or Write Cycle Time 


320 


375 


375 


425 


ns 


tRAS 


RAS Pulse Width 


150 


10000 


200 


10000 


250 


10000 


300 


10000 


ns 


tCAS 


CAS Pulse Width 


100 


135 


165 


165 


ns 


twcsts] 


Write Command Set-Up Time 














ns 


tWCH 


Write Command Hold Time 


45 


55 


75 


80 


ns 


tWCR 


Write Command Hold Time Referenced to RAS 


95 


120 


160 


215 


ns 


twp 


Write Command Pulse Width 


45 


55 


75 


80 


ns 


tRWL 


Write Command to RAS Lead Time 


50 


70 


85 


130 


ns 


tCWL 


Write Command to CAS Lead Time 


50 


70 


85 


130 


ns 


tDS 


Data-in Set-Up Time 














ns 


tDH 


Data-in Hold Time 


55 


65 


75 


80 


ns 


tDHR 


Data-in Hold Time Referenced to RAS 


95 


120 


160 


215 


ns 



NOTES: 

1. All voltages referenced to Vss- 

2. A.C. Characteristics assume tj = 5ns. 

3- tRCD(MAX) 's specified as a reference point only; if tpcp < tRCD(MAX) access time is tpAC' '^ ^RCD > tRCD(MAX) 
access time is tpcD + ^CAC- 

4. Load = 2 TTL loads and lOOpF. 

5. Assumes tRCD>tRCD(MAX)- 

6. In a write cycle with twcs ^ t:wcS{MIN) the cycle is an early write cycle and DquT ^'" ^^ data written into the selected cell 
<DoUT = D||\|). If tcvVD ^ tCWD(MIN) a"cl tRWD > tRWD(MIN) the cycle is a read-modify-write cycle and 

DquT ^'" '^e data from the selected address read. If neither of the above conditions are satisfied, DquT 
is indeterminate. 
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WAVEFORMS 

READ CYCLE v.- 



ADDRESSES 



^S, 



® 



-• ^RAH --l I-* 



& 



^^^a 



Et 



.h 



i 



fz?ZZh 






L 




J® 



HIGH IMPEDANCE 



'V 



■1 




WRITE CYCLE 



^ss 



® 



2 



® 



® 



1^ 



©' 



'^^ 



— *\ *ASck 

i3: 



\@ 



^^ 



^ 



(D<DS|*. 







-^RAC 
^OFF 



a_ 



ZZ^' K. 



£ 



Z 



:£ 



.(IL. 



K 



^ 



7s 



HIGH IMPEDANCE 



w 



/0 VALID \ 

\ DATA OUT i 



RAS-ONLY REFRESH CYCLE 



®" 



ADDRESSES 



@ 



.^ \ 



.,L / -® ADD°'^SS X 



® 



VOH ■ 

Vol . 



(See next page for notes) 
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A.C.CHARACTERISTICS'^ ^' 

Ta = 0° to 70°C, Vdd = 12V ±10%, Vcc=5V ±10%, Vbb=-5V ±10%, Vss=OV,unless otherwise noted. 
READ-MODIFY-WRITE CYCLE 




Symbol 


Parameter 


2104A-1 

Min. Max. 


2104A-2 

Min. Max. 


2104A-3 

Min. Max. 


2104A-4 

Min. Max. 


Unit 


tRWC 


Read Modify Write Cycle Timef^] 


330 


420 


480 


575 


ns 


^CRW 


RMW Cycle CAS Width 


115 


155 


180 


250 


ns 


tRRW 


RMW Cycle RAS Width 


165 


10,000 


220 


10,000 


265 


10,000 


385 


10,000 


ns 


tRWL 


RMW Cycle RAS Lead Time 


50 


70 


85 


130 


ns 


tcWL 


Write Command to CAS Lead Time 


50 


70 


85 


130 


ns 


twp 


Write Command Pulse Width 


45 


55 


75 


80 


ns 


tRCS 


Read Command Set-Up Time 














ns 


tRwol^l 


RAS to WE Delay 


110 


145 


175 


250 


ns 


tcWD 16] 


CAS to WE Delay 


60 


80 


90 


115 


ns 


tDS 


Data-in Set-Up Time 














ns 


^DH 


Data-in Hold Time 


55 


65 


75 


80 


ns 



WAVEFORMS 

READ-MODIFY-WRITE CYCLE 



Q'K.® 



®^^ 



Vscr**" 

'inn 
AJL4 



T 



/ 



m 



V 



> 



® 



® 



(S 



® 



®> 



E 



-H ^*-tDs(D 



V'(i)datain "[T 

A . VALID J\ 



"® 










® 



i® 



Notes: 1,2. V(H|\/||(yj or V|hcmIN anci V|[_|viaX ^"'^ reference levels for measuring timing of input signals. 
3,4. VoHMIN a"^*^ ^OLMAX ^"'^ reference levels for measuring timing of DquT- 

5. Referenced to CAS or WE, whichever occurs last. 

6. In a write cycle with ty/\/cs > ^V\/CS(MIN) the cycle is an early write cycle and DquT ^'" ^^ ^^^^ written into the selected cell 
(DquT^ D||\|). If tcwD > ■^CWD(MIN) ^"d tRWD > tRvVD{MIN) the cycle is a read-modify-write cycle and DquT ^'" ^^ 
data from the selected address read. If neither of the above conditions are satisfied, DquT '^ indeterminate. 

7. All voltages referenced to Vss- 

8. A.C. Characteristics assume tj = 5ns. 
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TYPICAL CHARACTERISTICS 



TYPICAL Ibb2 AND Idd2 
VS. TEMPERATURE 







vdd 


= 12 0V 






vbb 


= -5 0V 






tRC 


= 500 ns 






tRCD 


= 100 ns 








= 150 ns 


=— 


IdD2 






^ 


IbB2 








TYPICAL Ibb2 AND Idd2 
VS. CYCLE TIME 



I 1 

400 fvj oj 20 







Vdd 


= 12.0V 






Vbb 


= -5 0V 






Ta 


= 25 C 






tCAS 


= 200 ns 






tRCD 


= 100 ns — 


N 


\. 


, 'dD2 




V 


■-— 


'BB2 


^ ■ 



TYPICAL ACCESS TIME 
VS. TEMPERATURE 











Vdd 


= 10.8V 


600 


200 






Vbb 


= -5.5V 




-^:^i^^ 


' 




< 
400 7^ 

2 


O 150 




1 












100 




.^"^""^ 


726 «»* 















200 400 



75 100 



TEMPERATURE ( C) 



TEMPERATURE (°C) 



APPLICATIONS 



ADDRESSING 

Two externally applied negative going TTL clocks, Row 
Address Strobe (RAS), and Column Address Strobe 
(CAS), are used to strobe the two sets of 6 addresses into 
internal address buffer registers. The first clock, RAS, 
strobes in the six low order addresses (Ao-As) which 
selects one of 64 rows and begins the timing which 
enables the column sense amplifiers. The second clock, 
CAS, strobes in the six high order addresses (A6-A11) to 
select one of 64 column sense amplifiers and Chip Select 
(CS) which enables the data out buffer. 

An address map of the 21 04A is shown below. Address "0"' 
corresponds to all addresses at Vn . All addresses are 
sequentially located on the chip. 

2104A Address Map 



4032 

ARRAY 
(DATA IN) 

4095 63 


Q 

8 

Q 

CE 


SENSE AMPLIFIER 




COLUMN DECODER 





system access time since the decode time for chip select 
does not enter into the calculation for access time. 

Both the RAS and CAS clocks are TTL compatible and do 
not require level shifting and driving at high voltage MOS 
levels. Buffers internal to the 2104A convert the TTL level 
signals to MOS levels inside the device. Therefore, the 
delay associated with external TTL-MOS level converters 
is not added to the 2104A system access time. 



READ CYCLE 

A Read cycle is performed by maintaining Write Enable 
(WE) high during CAS. Theout'putpin of a selected device 
will unconditionally go to a high impedance state 
immediately following the leading edge of CAS and 
remain in this state until valid data appears at the output at 
access time. The selected output data is internally latched 
and will remain valid for at least tooH max. A subsequent 
CAS must be given to th e device eith e r by a Read, Write, 
Read-Modify-Write, CAS-only or RAS/CAS refresh cycle. 



Device access time, tAcc, 
intervals: 



is the longer of two calculated 



1. tACC = tRAC OR 2. tACC = tRCD + tCAC 



DATA CYCLES/TIMING 

A memory cycle begins with addresses stable and a 
negative transition of RAS. See the waveforms on page 4. 
It is not necessary to kn ow w hether a Read or Write cycle 
is to be performed until CAS becomes valid. 

Note that Chip Sel ect ( CS) does not have to be valid until 
the second clock, CAS. It is, therefore, possible to start a 
memory cycle before it is known which device must be 
selected. This can result in a significant improvement in 



Access time from RAS, tRAC . and a ccess time from CAS, 
tCAC, are device parameters. RAS to CAS delay time, tRCD, 
is a system dependent timing parameter. For example, 
substituting the device parameters to the 2104A-4 yields: 



3. tACC = tRAC = 300ns for 80nsec < tRCD < 135nsec 

OR 

4. tACC = tRCD + tcAC = tRCD + 165ns for tRCD > 135ns. 
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■ 



Note that if 80nsec < tRCD < 1 35nsec, device access time is 
determined by equation 3 and is equal to tRAC- If tpcD > 
135ns, access time is determined by equation 4. This 55ns 
interval (shown in the t RCD i nequality in equation 3) in 
which the falling edge of CAS can occur without affecting 
access time is pro vided to allow for system timing skew in 
the generation of CAS. This allowance for a tRCD skew is 
designed in at the device level to allow minimum access 
times to be achieved in practical system designs. 

WRITE CYCLE 

A Write Cyc le is gener ally p erformed by bringing Write 
Enable (WE) low before CAS. Doi i will be t he da ta written 
into the cell addressed. If WE goes low after CAS but tcwD 
< tcwD MiN and tRWD < tRWD MiN, DouT will be 
indeterminate. 

READ-MODIFY-WRITE CYCLE 
A Read-Mod i f y-W rite Cycle is perform ed by bri nging 
Write Enable (WE) low during a selected RAS/CAS cycle 
with tRWD > tRWD MIN and tcwD > tc wPM iN. Data in must be 
valid at or before the falling edge of WE. In a read-modify- 
write cycle DouT is data read from the selected cell and 
does not change during the modify-write portion of the 
cycle. 

CAS ONLY (DESELECT) CYCLE 

In some applications, it is desirable to be able to deselect 
all memory devices without running a regular memory 
cycle. Thi s ma y be accomplished with t he 2 104A by per- 
forming a CAS-Only Cycle. Receipt of a CAS without RAS 
deselects the 2104A and forces the Data Output to the 
high-impedance state. This places the 2104A in its lowest 
power, standby co nditi on. \qq will be about twice Iqdi ^or 
the first cy cle o f CAS-only deselection and Ipoi for any 
additional CAS-only cycles. The cy cle t i ming and CAS 
timing should be just as if a normal RAS/CAS cycle was 
being performed. 

CHIP SELECTION/DESELECTION 

The 2104A is selected by driving CS low during a Read, 



I RAS/CAS CYCLE I CSS ONLY CYCLE I 

100 200 300 400 500 600 700 800 900 1000(ns) 



— |A 



J. 



p-A^-\ 



jVJI 



TYPICAL SUPPLY CURRENTS VS TIME 



Write, or Read-Modify-Write cycle. A device is deselected 
by 1) driving CS high during a Read, Write, or Read- 
Modify-Write cycle or 2) performing a CAS Only cycle 
independent of the state of CS. 

REFRESH CYCLES 

Each of the 64 rows internal to the 2104A must be 
refreshed every 2 msec to m ainta in data. Any cycle (Read, 
Write, Read-Modify-Write, RAS-only refresh) refreshes 
the entire selected row (defined by the low order row 
addresses). The refresh operation is independent of the 
state of chip select. It is evident, of course, that if a Write or 
Read-Modify-Write cycle is used to refresh a row, the de- 
vice should be deselected (CS high) if it is desired not to 
change the state of the selected cell. 

RAS/CAS TIMING 

The device clocks, RAS and CAS, control operation of the 
2104A. The timing of each clock and the timing 
relationships of the two clocks must be understood by the 
user in order to obtain maximum performance in a 
memory system. 

The RAS and CAS have minimum pulse widths as defined 
by tRAS and tcAS respectively. These minimum pulse 
widths must be maintained for proper device operation 
and data integrity. A cycle, once begun by driving RAS 
and/or CAS low must not be ended or aborted prior to 
fulfilling the minimum clock signal pulse width(s). A new 
cycle must not begin until the minimum precharge time, 
tRP, has been met. 

PAGE MODE OPERATION 

The 2104A is designed for page mode operation. Product 
tested to page mode operating specifications are available 
upon request. 

POWER SUPPLY 

Typical power supply cu rrent wave forms versus time are 
shown below for both a RAS/CAS c ycle and a CAS only 
cycle. Idd and Ibb current surges at RAS and CAS edges 
make adequate decoupling of these supplies important. Due 
to the high frequency noise component content of the cur- 
rent waveforms, the decoupling capacitors should be low 
inductance, ceramic units selected for their high frequency 
performance. 

It is recommended that a 0.1 jjlF ceramic capacitor be con- 
nected between Vpo a^^d Vss at every other device in the 
memory array. A 0.1 juF ceramic capacitor should also be 
connected between Vbb and Vss at every other device 
(preferably the alternate devices to the V^o decoupling). 
For each 16 devices, a lOjuF tantalum or equivalent capaci- 
tor should be connected between Vqd and Vss near the 
array. An equal or slightly smaller bulk capacitor is also 
recommended between Vbb and Vss ^or every 32 devices. 
A 0.01 juF ceramic capacitor is recommended between Vqc 
and Vss at every eighth device to prevent noise coupling to 
the Vcc line which may affect the TTL peripheral logic in 
the system. 



3-26 



2104A FAMILY 



Due to the high frequency characteristics of the current 
waveforms, the inductance of the power supply distribution 
system on the array board should be minimized. It is 
recommended that the Vqd/ Vbb. and Vss supply lines be 



gridded both horizontally and vertically at each device in 
the array. This technique allows use of double-sided circuit 
boards with noise performance equal to or better than 
multi-layered circuit boards. 



■ 




AO 



\ l£^ • B^<i • p »" ' ^B9 op^» »bV ♦ t) • ^^^ •^y ' i ^^''i ili o A2 




D|N DquT 



D|N DqUT 



DECOUPLING CAPACITORS 

D = 0.1 mF to Vdd to Vss 
B = 0.1 nF Vbb to Vss 
c = 0.01 mF Vcc to Vss 
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2107C FAMILY 
4096-BIT DYNAMIC RAM 





2107C-1 


2107C-2 


2107C 


2107C-4 


Access Time (ns) 


150 


200 


250 


300 


Read, Write Cycle (ns) 


380 


400 


430 


470 


RIVIW Cycle (ns) 


450 


500 


550 


590 


Max iDOAv(niA) 


35 


33 


30 


30 



■ Direct Replacement for Industry 
Standard 22-Pin 4K RAMs 

■ Low Operating Power 

■ Low Standby Power 

■ Only One High Voltage Input Signal- 
Chip Enable 

■ 150 ns Access Time 



■ ± 10% Tolerance on all Power 
Supplies 

■ Output is Three-State and TTL 
Compatible 

■ TTL Compatible — All Address, Data, 
Write Enable, Chip Select Inputs 

■ Refresh Period 2 ms 



The Intel® 2107C is a 4096-word by 1-bit dynamic n-channel iVIOS RAM. It was designed for memory applications where 
very low cost and large bit storage are important design objectives, A new unique dynamic storage cell provides high speed 
and wide operating margins. The 2107C uses dynamic circuitry which reduces the standby power dissipation. 

Reading information from the memory is non-destructive. Refreshing is most easily accomplished by performing one read 
cycle on each of the 64 row addresses. Each row address must be refreshed every two milliseconds. The memory is refreshed 
whether Chip Select is a logic one or a logic zero. 

The 2107C is fabricated with n-channel silicon gate technology. This technology allows the design and production of high 
performance, easy to use MOS circuits and provides a higher functional density on a monolithic chip than other MOS technol- 
ogies. The 2107C is a replacement for the 21 07 A, 2107B and other industry standard 22-pin 4K RAMs. 



PIN CONFIGURATION 
2107C 



LOGIC SYMBOL 
2107C 



vbbCZ 


1 


22 


Zlvss 


A9[Z 


2 


21 


Z3A8 


AlO C 


3 


20 


=]A7 


And 


4 


19 


DA6 


^cz 


5 


18 


=] VDD 


dinCZ 


6 


17 


ZICE 


DOUT CI 


7 


16 


DNC 


AoCZ 


8 


15 


Z1A5 


AiCZ 


9 


14 


I]A4 


A2CI 


10 


13 


Z1A3 


vcc CZ 


11 


12 


nm 



Din 



Ao 

Al 
A2 
A3 
A4 
As 

Ae 

A? DouT 



AlO 
All 



TTT 



PIN NAMES 



Ao-Ail 


ADDRESS INPUTS* 


vbb 


POWER (-5V) 


CE 


CHIP ENABLE 


Vcc 


POWER {+5V) 


es 


CHIP SELECT 


vdd 


POWER (+12V) 


Din 


DATA INPUT 


vss 


GROUND 


bout 


DATA OUTPUT 


Wl 


WRITE ENABLE 


NC 


NOT CONNECTED 







BLOCK DIAGRAM 



Ao c 
Al C 
A2C 
A3 C 
A4 ( 
A5 C 



ROW DECODE 
AND BUFFER 
REGISTER 



TIMING 

CONTROL 

GENERATOR 



> VDD 

> Vcc 
) Vss 



COLUMN 
AMPLIFIERS 



COLUMN DECODE 

AND 
BUFFER REGISTER 



ITTTTT 

Ae Ay As Ag Aio An 



•Refresh Address A0-A5. 
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Absolute Maximum Ratings'" 

Temperature Under Bias -10°C to 80°C 

Storage Temperature -65°C to +1 50°C 

Voltage on any Pin Relative to Vbb (Vss - Vbb ^4.5) -0.3V to +20V 

Power Dissipation 1 .OOW 

* CO MM EN T: 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 
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D.C. and Operating Characteristics 

TA = 0°Cto70°C, Vdd = +12V±10%, Vcc = +5V±10%, Vbb'^' = -5V ±10%, Vss = OV, unless otherwise noted. 



Symbol 


Parameter 


Limits 


Unit 


Conditions 


Min. 


TypJ2] 


Max. 


Ili 


Input Load Current (all inputs except CE) 






10 


mA 


V,N = OVtoV|HMAX 
CE = V|LcorV|Hc 


Ilc 


Input Load Current, CE 






2 


ma 


V|N = OVtoV|HCMAX 


HloI 


Output Leakage Current for high 
impedance state 






10 


ma 


CE = V,LcorCS = V,H 
Vo = OV to 5.5V 


Iddi'^1 


Vdd Supply Current - standby ^^^ 




20 


200 


ma 


CE = -1Vto+0.6V 




Average Vqd Current - operating 




24 


35 


mA 


2107C-1,tcYC = 380 


'dd av 




22 


33 


mA 


2107C-2, tcYC = 400 






20 


30 


mA 


2107C, tcYC = 430 






20 


30 


mA 


2107C-4,tcYC=470 


icci'^'^1 


Vcc Supply Current - standby 






10 


ma 


CE = V,LcorCS = V,H 


'bbi 


Vbb Supply Current — standby 




5 


50 


ma 


CE = -1Vto+0.6V 


•bB AV 


Average Vbb Current — operating 




100 


400 


ma 


Min. cycle time, Min. tcE 


V|L 


Input Low Voltage 


-1.0 




0.8 


V 




V,H 


Input High Voltage 


2.4 




Vcc+1 


V 




ViLC 


CE Input Low Voltage 


-1.0 




+1.0 


V 




VlHC 


CE Input High Voltage 


Vdd-1 




Vdd+1 


V 




Vol 


Output Low Voltage 


0.0 




0.40 


V 


l0L = 3.2 mA 


VOH 


Output High Voltage 


2.4 




Vcc 


V 


loH = -2.0 mA 



NOTES: 

1. The only requirement for the sequence of applying voltage to the device is that VpO' ^CO a"cl Vss should never be 0.3V or more nega- 
tive than Vbb- 

2. Typical values are for T/^ = 25°C and nominal power supply voltages. 

3. The Idd 3"d Ice currents flow to Vss- 

4. During CE on Vqq supply current is dependent on output loading. Vcc 'S connected to output buffer only. 
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A.C. Characteristics 



[1] 



Ta = Cto70C, Vdd=12V±10%, Vcc=5V±10%, Vbb = 
READ, WRITE, AND READ MODIFY/WRITE CYCLE 



-5V f 10%, Vss = OV, unless otherwise noted. 



I 



Symbol 




n *^- 


2107C-1 


2107C-2 


2107C 


2107C-4 


Units 


Note 




Min. 


Max 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tREF 


Time Between Refresii 




2 




2 




2 




2 


ms 




tAC 


Address to CE Set-Up Time 






















ns 


2 


tAH 


Address Hold Time 


50 




50 




100 




100 




ns 




tec 


CE Off Time 


130 




130 




130 




130 




ns 




tj 


CE Transition Time 




40 




40 




40 




40 


ns 




tCD 


CE Off to Output Disable Time 


30 




30 




30 




30 




ns 


3 


READ CYCLE 


Symbol 


Parameter 


2107C-1 


2107C-2 


2107C 2107C-4 


Units 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tCY 


Cycle Time 


380 




400 




430 




470 




ns 


3 


tCE 


CE On Time 


210 


4000 


230 


4000 


260 


4000 


300 


4000 


ns 




tco 


CE Output Delay 




130 




180 




230 




280 


ns 


4 


tACC 


Address to Output Access 




150 




200 




250 




300 


ns 


5 


tWL 


CE to WE 






















ns 




twc 


WE to CE On 






















ns 




WRITE CYCLE 


Symbol 


Parameter 


2107C-1 


2107C-2 


2107C 


2107C-4 


Units 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tCY 


Cycle Time 


380 




400 




430 




470 




ns 


3 


tCE 


CE On Time 


210 


4000 


230 


4000 


260 


4000 


300 


4000 


ns 




tw 


WE to CE Off 


125 




125 




125 




175 




ns 




tew 


CEtoWE 


150 




150 




150 




200 




ns 




tow 


D||MtoWESet-Up 






















ns 


6 


tDH 


D|N Hold Time 






















ns 




twp 


WE Pulse Width 


50 




50 




50 




100 




ns 




tWD 


WE to Output Disable Time 


15 




15 




'' 




15 








Capacitance^'^ ta=25°c 


Symbol 


Test 


Plastic and 
Ceramic Package 


Unit 


Conditions 








Typ. 


Max. 




Cad 


Address Capacitance, CS, D|n 


5 


7 


PF 


V|N = Vss 


CeE 


CE Capacitance 


10 


15 


PF 


V|N = Vss 


Gout 


Data Output Capacitance 


5 


7 


pF 


VoUT = OV 


Owe 


We Capacitance 


6 


8 


pF 


V|N = Vss 



NOTES: 

1. After the application of supply voltages or after extended 
periods of operation without eE, the device must perform a 
minimum of one Initialization cycle (any valid memory cycle 
or refresh cycle) prior to normal operation. 

2. tAC '^ measured from end of address transition. 

3. tj = 20ns. 

4. eLOAD = 50 pF, Load = One TTL Gate, Ftef = 2.0V. 

5. tAee = tAe + teo + itT. 



6. If WE is low before eE goes high then D|(\| must be valid 
when eE goes high. 

7. eapacitance measured with Boonton Meter or effective capa- 
citance calculated from the equation: 



e = with the current equal to a constant 20 mA. 

Av 
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Read and Refresh Cycle 



[11 



ADDRESS STABLE 





Write Cycle 




NOTES: 1 . For Refresh cycle, row and column addresses must be stable before t^c ^"^^ remain stable for entire t^n period. 

2. V||_ MAX is the reference level for measuring timing of the addresses, CS, WE, and D||\j. 

3. V||\| MIN is the reference level for measuring timing of the addresses, CS, WE, and D||vj. 

4. Vss +2.0V is the reference level for measuring timing of CE. 

5. Vqd ~2V is the reference level for measuring timing of CE. 

6. Vss +2.0V is the reference level for measuring the timing of DquT- 
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■ 



Read 


Modify Write Cycle 














Symbol 


Parameter 


2107C-1 


2107C-2 


2107C 


2107C-4 


Units 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 






tRWC 


Read Modify Write (RMW) Cycle 


450 




500 




550 




590 




ns 


1 


tCRW 


CE Width During RMW 


280 


4000 


330 


4000 


380 


4000 


420 


4000 


ns 




twc 


WE to CE On 






















ns 




tw 


WE to CE Off 


125 




125 




125 




175 




ns 




twp 


WE Pulse Width 


50 




50 




50 




100 




ns 




tow 


D|N to WE Setup 






















ns 




tDH 


D|N Hold Time 






















ns 




tco 


CE to Output Delay 




130 




180 




230 




280 


ns 




tACC 


Access Time 




150 




200 




250 




300 


ns 




tWD 


WE to Output Disable Time 


15 




15 




15 




15 




ns 






NOTES: 1. t-j-of20ns. 

2. V||_ MAX is the reference level for measuring timing of the addresses, CS, WE, and D||\|. 

3. V|n MIN is the reference level for measuring timing of the addresses, CS, WE, and D||\|, 

4. Vss +2.0V is the reference level for measuring timing of CE. 

5. Vdd -2V is the reference level for measuring timing of CE. 

6. Vss +2.0V is the reference level for measuring the timing of DquT- CloAD ~ 50 pF. Load = One TTL Gate. 

7. WE must be at V|h until end of tco- 
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8,192 X 1 BIT DYNAMIC RAM 





2109-3 
S6000,S6001 


2109-4 
S6002,S6003 


Maximum Access Time (ns) 


200 


250 


Read, Write Cycle (ns) 


375 


410 


Read-Modify-Write Cycle (ns) 


375 


475 




8K RAM, Industry Std. 16-Pin Package i 

±10% Tolerance on All Power Supplies: 
+12V, +5V, -5V I 

Low Power: 462mW Max. Operating, i 

20mW Max. Standby i 

Low Iqq Current Transients i 

All Inputs, Including Clocks, TTL Compatible 



Non-Latched Output is Three-State, 

TTL Compatible 

RAS Only Refresh 

64 Refresh Cycles Required Every 2ms 

Page Mode Capability 

CAS Controlled Output 

Allows Hidden Refresh 



The Intel® 2109 is a 8,192 word by 1-bit Dynamic MOS RAM which is pin compatible with the industry standard 16K 
dynamic RAMs. The 2109 is manufactured with the same masks as the Intel® 21 17 and is fabricated with Intel's standard 
two layer polysilicon NMOS technology — a production proven process for high reliability, high performance, and high 
storage density. As is shown in the block diagram below, the device is organized as two 8K arrays separated by sense 
amplifiers and column decoders. The selected 8K array is tested for all of the A.C. and D.C. characteristics necessary to 
permit the 2109 to be considered a functionally compatible 8K version of the 16K device. 

The 2109 uses a single transistor dynamic storage cell and advanced dynamic circuitry to achieve high speed with low 
power dissipation. The circuit design minimizes the current transients typical of dynamic RAM operation. These low 
current transients and ±10% tolerance on ail power supplies contribute to the high noise immunity of the 2109 in a system 
environment. 

The 2109 is available as either an "upper" or "lower" half of the 21 17. Row Address 6 (Ae) selects the operating half, and Is 
ViH for S6000, S6002, S6064 and S6066 specifications and As is Vil for S6001, S6003, S6065 and S6067 specifications. 

The 2109 three-state output is controlled by Column Address Strobe (CAS) indepe nden t of Row Address Strobe (RAS). 
After a valid read or read-modify-write cy cle, d ata is latched on the output by holding CAS low. The d ata ou t pin is returned 
to the high impedance state by re turning CAS to a hig h sta te. The 2109 hidden refresh feature allows CAS to be held lowto 
maintain latched data while RAS is used to execute RAS-Only refresh cycles. 

The single transistor storage cell requires refreshing for data retention. Refreshing is accomplished by performing RAS- 
Only refresh cycles, hidden refresh cycles, or normal read or write cycles on the 64 row address combinations of Ao 
through As. Ae must be at its proper state (Vih or Vil depending on the device specification) for 64 cycle refresh. A write 
cycle will refresh stored data on all bits of the selected row except the bit which is addressed. 



PIN CONFIGURATION LOGIC SYMBOL 



VbbC 
weC 

RASC 

A2I: 

Aid 

VddC 



DVss 

HCAS 
UDout 
IlAgd' 

DA4 
:]A5 



— 


Ao 







Ai 




= 


A2 
A3 
A4 
A5 
Afi 


D|N 


— 


Dqut 





RAS 




■—0 


CAS 




— 


WE 





NOTE 1: S6000, S6002: Ae AT V|h DURING ROW ADDRESS VALID 
S6001, S6003: Ae AT V|L DURING ROW ADDRESS VALID 

PIN NAMES 



Ao-Ag ADDRESS INPUTS 


WE WRITE ENABLE 


CAS COLUMN ADDRESS STROBE 


Vbb power (-5V) 


Dim DATA IN 


Vcc POWER (+5V) 


DouT DATA OUT 


Vdd power (+12V) 


RAS ROW ADDRESS STROBE 


Vss ground 



7-BIT 
LATCH 
ROW 
AND 
COLUMN 



21 



BLOCK DIAGRAM 



CLOCK 

GENERATOR 

NO. 1 



RCJW 

mcomm 



71 




DECODERS 



MEMORY ARRAY 



128 SENSE AMPLIFIERS 

1 OF 64 COLUMN 

DECODERS 



o 



CLOCK 

GENERATOR 

NO. 2 



I 



WRITE 
ENABLE 
BUFFER 



DATA 
INPUT 
LATCH 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias ... -10°Cto+80°C 

Storage Temperature -65°Cto+150°C 

Voltage on Any Pin Relative to Vbb 

(Vss-Vbb>4V) -0.3Vto+20V 

Data Out Current 50mA 

Power Dissipation 1 .OW 



* COM ME NT: 

Stresses above those listed under "Absolute Maximum 
Rating" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the de- 
vice at these or at any other condition above those indi- 
cated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect device reliability. 



D.C. AND OPERATING CHARACTERISTICS'^ ^' 

Ta = 0°C to 70°C, Vdd = 12V ±10%, Vcc = 5V ±10%, Vbb = -5V ±10%, Vss = OV, unless otherwise noted. 





Parameter 


Limits 


Unit 


Test Conditions 




Symbol 


Min. 


TypJ3] 


IVIax. 


Notes 


IlLlI 


Input Load Current (any input) 




0.1 


10 


mA 


ViN=Vss to 7.0V, Vbb=-5.0V 




IlLOl 


Output Leakage Current for 
High Impedance State 




0.1 


10 


)uA 


Chip Deselected: CAS at Vih, 
VouT = to 5.5V 




Iddi 


Vdd Supply Current, Standby 






1.5 


mA 


CAS and RAS at Vih 


4 


Ibbi 


Vbb Supply Current, Standby 




1.0 


50 


iuA 






Icci 


Vcc Supply Current, Output 
Deselected 




0.1 


10 


mA 


CAS at Vih 


5 


IdD2 


Vdd Supply Current, Operating 






35 


mA 


2109-3, tRC = 375ns, tRAS = 200ns 


4 








33 


mA 


2109-4, tRC = 410ns, tRAS = 250ns 


4 


IbB2 


Vbb Supply Current, Operating, 
RAS-Only Refresh, Page Mode 




150 


300 


mA 


Ta = 0°C 




IdD3 


Vdd Supply Current, RAS-Only 
Refresh 






27 


mA 


2109-3, tRC = 375ns, tRAS = 200ns 


4 








26 


mA 


2109-4, tRC = 410ns, tRAS = 250ns 


4 


IdD5 


Vdd Supply Current, Standby, 
Output Enabled 




1.5 


3 


mA 


CAS at ViL, RAS at Vih 




ViL 


Input Low Voltage (all inputs) 


-1.0 




0.8 


V 






VlH 


Input High Voltage (all inputs) 


2.4 




6.0 


V 






Vol 


Output Low Voltage 






0.4 


V 


lOL = 4.2mA 


4 


VOH 


Output High Voltage 


2.4 






V 


lOH = -5mA 


4 



NOTES: 

1. All voltages referenced to Vss- 

2. No power supply sequencing is required. However, Vdd, Vcc and Vss should never be more negative than -0.3V with respect to Vbb as 
required by the absolute maximum ratings. 

3. Typical values are for T^ = 25°C and nominal supply voltages. 

4. See the Typical Characteristics Section for values of this parameter under alternate conditions. 

5. Ice is dependent on output loading when the device output is selected. Vcc is connected to the output buffer only. Vcc may be reduced 
to Vss without affecting refresh operation or maintenance of internal device data. 
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TYPICAL SUPPLY CURRENT WAVEFORMS 



R7k5/CSS 



LONG R7k5/CA5 



RASONLY REFRESH 



RA5 

ca5 



\ 




1 














\ 






' 





'dd 
(mA) 



n 















ZJ 






















, 


«J 







m 



T^y 



7t 



^ 






' 
















1 



ffi 



E 



m 



I 



Ibb 

(mA) 



=1 



P 



































^ 






vA 


tLm 


..aI-^ 




J^ 




yN 








t 


->v 




,yx- 




^ ' 


























' 















=^ 



3: 




Typical power supply cu rrent waveforms vs. time are 
shown for t he RAS/C AS ti ming s of Read/Write, Read/ 
Write (Long RAS/CAS), and RAS-o nly re fresh cycl es. Idd 
and Ibb current transients at the RAS and CAS edges 
require adequate decoupling of these supplies. Decoup- 
ling recommendations are provided in the Applications 
section. 



CAPACITANCE^'^ 

Ta = 25° 0, Vdd = 12V±10%, Vcc = 5V±10%, Vbb 



The effects of cycle time, Vdd supply voltage and ambient 
temperature on the Idd current are shown in graphs 
included in the Typical Characteristics Section. Each 
family of curves for Iddi, Idd2, and Idd3 is related by a 
common point at Vdd = 12.0V and TA = 25°Cfortwo given 
tRAS pulse widths. The typical Idd current for a given 
condition of cycle time, Vdd and Ta can be determined by 
combining the effects of the appropriate family of curves. 



-5V±10%, Vss = OV, unless otherwise specified. 



Symbol 


Parameter 


Typ. 


Max. 


Unit 


Cii 


Address, Data In 


3 


5 


PF 


Cl2 


RAS Capacitance, WE Capacitance 


4 


7 


PF 


Cl3 


CAS Capacitance 


6 


10 


pF 


Co 


Data Output Capacitance 


4 


7 


pF 



NOTES: 

1. Capacitance measured with Boonton Meter or effective capacitance calculated from the equation: 
C = lAt with AV equal to 3 volts and power supplies at nominal levels. 
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A.C. CHARACTERISTICS'^^ ^^ 

Ta = 0°C to 70° C, Vdd = 12V ±10%, Vcc = 5V ±10%, Vbb = - 
READ, WRITE, READ-MODIFY-WRITE AND REFRESH 



5V ±10%, Vss = OV, unless otherwise noted. 
CYCLES 



I 



Symbol 


Parameter 


2109-3 
S6000,S6001 
Min. Max. 


2109-4 
S6002,S6003 
Min. Max. 


Unit 


Notes 


tRAC 


Access Time From RAS 


200 


250 


ns 


4,5 


tCAC 


Access Time From CAS 


135 


165 


ns 


4,5,6 


tREF 


Time Between Refresh 


2 


2 


ms 




tRP 


RAS Precharge Time 


120 


150 


ns 




tCPN 


CAS Precharge Time(non-pagecycies) 


25 


25 


ns 




tCRP 


CAS to RAS Precharge Time 


-20 


-20 


ns 




tRCD 


RAS to CAS Delay Time 


25 


65 


35 


85 


ns 


7 


tRSH 


RAS Hold Time 


135 


165 


ns 




tCSH 


CAS Hold Time 


200 


250 


ns 




tASR 


Row Address Set-Up Time 








ns 




tRAH 


Row Address Hold Time 


25 


35 


ns 




tASC 


Column Address Set-Up Time 


-10 


-10 


ns 




tCAH 


Column Address Hold Time 


55 


75 


ns 




tAR 


Column Address Hold Time, to RAS 


120 


160 


ns 




tT 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


ns 


8 


tOFF 


Output Buffer Turn Off Delay 





60 





70 


ns 




READ AND REFRESH CYCLES 


tRC 


Random Read Cycle Time 


375 


410 


ns 




tRAS 


RAS Pulse Width 


200 


10000 


250 


10000 


ns 




tCAS 


CAS Pulse Width 


135 


10000 


165 


10000 


ns 




tRCS 


Read Command Set-Up Time 








ns 




tRCH 


Read Command Hold Time 








ns 




WRITE CYCLE 


tRC 


Random Write Cycle Time 


375 


410 


ns 




tRAS 


RAS Pulse Width 


200 


10000 


250 


10000 


ns 




tCAS 


CAS Pulse Width 


135 


10000 


165 


10000 


ns 




twos 


Write Command Set-Up Time 


-20 


-20 


ns 


9 


twCH 


Write Command Hold Time 


55 


75 


ns 




twCR 


Write Command Hold Time, to RAS 


120 


160 


ns 




twp 


Write Command Pulse Width 


55 


75 


ns 




tRWL 


Write Command to RAS Lead Time 


80 


100 


ns 




tCWL 


Write Command to CAS Lead Time 


80 


100 


ns 




tDS 


Data-in Set-Up Time 


^ 





ns 




tDH 


Data-in Hold Time 


55 


75 


ns 




tDHR 


Data-in Hold Time, to RAS 


120 


160 


ns 




READ-MODIFY-WRITE CYCLE 


tRWC 


Read-Modify-Write Cycle Time 


375 


475 


ns 




tRRW 


RMW Cycle RAS Pulse Width 


245 


10000 


305 


10000 


ns 




tCRW 


RMW Cycle CAS Pulse Width 


180 


10000 


230 


10000 


ns 




tRWD 


RAS to WE Delay 


160 


200 


ns 


9 


tCWD 


CAS to WE Delay 


95 


125 


ns 


9 



Notes: See following page for A.C. Characteristics Notes. 
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WAVEFORMS 

READ CYCLE 




■ 



VoH 

Vol" 



IMPEDANCE 



1-2. V,H wiiN AND V,L MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3,4. Vqh MIN AND Vol max are REFERENCE LEVELS FOR MEASURING TIMING OF Dqut- 

5. toFF IS MEASURED TO Iqut < I'lo I- 

6. tos AND tDH ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST. 

7. tRCH IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST. 

8. tcRP REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS- 
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 



A.C. CHARACTERISTICS NOTES (From Previous Page) 



1. All voltages referenced to Vss- 

2. Eight cycles are require d afte r power-up or prolonged periods 
(greater than 2ms) of RAS inactivity before proper device 
operation is achieved. Any 8 cycles which perform refresh are 
adequate for this purpose. 

3. A.C. Characteristics assume tT = 5ns. 

4. Assume that tRCD < tRCD (max.). If tRCD is greater than tRCD 
(max.) then tRAC will increase by the amount that tRCD exceeds 
tRCD (max.). 

5. Load = 2 TTL loads and 100pF. 

6. Assumes tRCD ^ tRCD (max.). 



7. tRCD (max.) is specified as a reference point only; if tRCD is less 
than tRCD (max.) access time is tRAC, if tRCD is greater than tRCD 
(max.) access time is tpcD + tcAC- 

8. tT is measured between Vih (min.) and Vil (max.). 

9. twcs, tcwD and tRWD are specified as reference points only. If 
twcs >twcs (min.) the cycle is an early write cycle and the data 
out pin will remain high impedance throughout the entire 
cycle. If tcwD ^tcwD (min.) and tRWD ^tRWD (min.), the cycle is 
a read-modify-write cycle and the data out will contain the data 
read from the selected address. If neither of the above 
conditions is satisfied, the condition of the data out is 
indeterminate. 
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WAVEFORMS 

READ-MODIFY-WRITE CYCLE 



■ 



(8)tCRP-^| 

:Z7" 



ADDRESSES , 



s.s 



a: 



'®^: 







Usc-h* 

EX 



®^' 



®.„s- 



V 



■f 



\ L 



V- *"© 



^ fT) DATA IN ^ 



Ci) 



® 



@ 



\_ 



© 



RAS-ONLY REFRESH CYCLE 



©'^^ 




:p(8) 



ADDRESSES 1" ^-^ AD^D^R^r^ J^ 



® 



/ 



\ 



VOH 

Vol" 



HIDDEN REFRESH CYCLE 




\^^/ — 'v 



N ^ V ROW W Y ''ow Y 

^^ f\ /J ADDRESS A A ADDRESS A 



VALID DATA 



1,2. V,H MIN AND V,L MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3A Vqh MIN AND Vol max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Dqut- 

5. toFF IS MEASURED TO Iqut < Hlo I- 

6. tos AND tDH ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST. 

7. tRCH IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST. 

8. tcRP REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS- 
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 



./' 



© 



® 
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TYPICAL CHARACTERISTICS 



[1] 



GRAPH 1 

TYPICAL ACCESS TIME 

tRAC (NORMALIZED) VS. Vpo 



n 




I - 




1 


\ 










\ 


S 


Ta = 

Vbb 

Vcc 


70 C 






= 4.5V 







GRAPH 2 

TYPICAL ACCESS TIME 

tRAC (NORMALIZED) VS. Vbb 































T^ = 70 C 






Vcc = 


5.0V 



GRAPH 3 

TYPICAL ACCESS TIME 

tRAC (NORMALIZED) VS. Vqc 































Ta = 


70 C 

= 12.0V 

= -5.5V 






Vdd 
Vbb 



■ 



Vdd - SUPPLY VOLTAGE (VOLTS) 



Vbb - SUPPLY VOLTAGE (VOLTS) 



Vcc - SUPPLY VOLTAGE (VOLTS) 



GRAPH 4 

TYPICAL ACCESS TIME 

tRAC (NORMALIZED) VS. 

AMBIENT TEMPERATURE 



GRAPH 5 

typical standby current 
Iddi vs. Vdd 



GRAPH 6 
TYPICAL standby CURRENT 

Iddi vs. ambient temperature 
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y^ 










1"°- 


10.8 V 

-5.5V 

4.5V 






Vcc = 



20 40 60 

Ta - AMBIENT TEMPERATURE ( C) 















Ta = 

Vbb = 


) c 

-4.5V 








J^ 


^ 

















10 11 12 13 14 

Vdd - SUPPLY VOLTAGE (VOLTS) 















Vdd 
Vbb = 


= 13.2V 
-4.5V 














^~^ 
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20 40 60 

Ta - AMBIENT TEMPERATURE ( C) 



GRAPH 7 

TYPICAL OPERATING CURRENT 

'DD2 VS. tRc 




200 







Ta = 

Vdd 


25 C 
^ 12.0V 




^ 


Vbb 


= -5.0V 


\ 


V 








^\ 


'^^'V^RA 


5 = 500ns 






tRA 


S = 200ns 



GRAPH 8 

typical operating current 
• dd2 vs. Vdd 




400 600 800 1000 10 11 12 13 

tRc - CYCLE TIME (ns) Vqd - SUPPLY VOLTAGE (VOLTS) 

NOTES: See following page for Typical Characteristics Notes. 
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GRAPH 9 

TYPICAL OPERATING CURRENT 

'DD2 vs. ambient TEMPERATURE 



50 



Vdd = 
Vbb = 


12.0V 
-5.0V 


















tRA 
tRC 


S = 200ns 
= 375ns 








^"~ 














tRA 


S = 500ns 






tRC 


= 750ns 



Ta -AMBIENT TEMPERATURE ( C) 
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TYPICAL CHARACTERISTICS 



[1] 



GRAPH 10 

TYPICAL RAS ONLY 

REFRESH CURRENT 

•dD3 VS. tRc 



Vdd 
Vbb 


25 C 

= 12.0V 






= -5.0V 














\. 




-V,,,,,^^ tR/! 


S = 500ns 






tRAS = 200ns 
1 



400 600 800 

tRc -CYCLE TIME (ns) 



GRAPH n 
TYPICAL RAS ONLY 
REFRESH CURRENT 

'dd3 VS. Vdd 



Vbb = 


25° C 
-5.0V 


















tRAS = 2Q0ns 




' 


tRC 


= 375ns 




tRAC = 500ns 
tRc = 750ns 

1 



GRAPH 12 

TYPICAL RAS ONLY 

REFRESH CURRENT 

IdD3 vs. AMBIENT TEMPERATURE 

50 



Vdd 


= 12.0V 






Vbb 


= -5.0V 


















tRAS = 200ns 
tRC = 375ns 








~ 






\ 

tRAS = 500ns 
tRC = 750ns 

1 



Vdd - SUPPLY VOLTAGE (VOLTS) 



-AMBIENT TEMPERATURE { C) 



GRAPH 13 

TYPICAL PAGE MODE CURRENT 

•dD4VS. tpc 



GRAPH 14 

typical page mode current 
Idd4 vs. Vdd 



GRAPH 15 

typical page mode current 
Idd4 vs. ambient temperature 
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Ta = 
Vdd 
Vbb 


25 C 
= 12.0V 
= ~5.0V 










^ 


_ tcAS = 3 


50ns 






tCAS = 1 


35ns 
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tpc - CYCLE TIME (ns) 
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Vdd - SUPPLY VOLTAGE (VOLTS) 



Ta - AMBIENT TEMPERATURE ( C) 



GRAPH 16 

TYPICAL OUTPUT SOURCE CURRENT 

Iqh vs. output voltage Vqh 
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GRAPH 17 

typical output sink current 
iql vs. output voltage Vol 
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NOTES: 

1. The cycle time, Vocf supply voltage, and 
ambient temperature dependence of I ddI » 
I DD2' ' DD3 3nd I dd4 's shown in related 
graphs. Common points of related curves 
are indicated: 

• IdD1@Vdd= 13.2V, Ta = 0°C 
■ IdD2 or ' DD3 @ ^ras = 200ns, tpc = 
375ns, Vdd = 12.0V, Ta = 25°C 

▲ IDD2 0'' IdD3@ tRAS= 500ns, tRC = 

750ns, Vdd = 12.0V, Ta = 25°C 
n lDD4@tcAS= ''35ns,tpc = 225ns, 

Vdd= 12.0V, Ta = 25°C 
A I DD4 @ ^CAS "^ 350ns, tpc = 500ns, 

Vdd= 12.0V, Ta = 25°C 
The typical Idd current for a given com- 
bination of cycle time, Vdd supply 
voltage and ambient temperature may be 
determined by combining the effects of 
the appropriate family of curves. 
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D.C. AND A.C. CHARACTERISTICS, PAGE MODE^^^^^^ 

Ta = 0°C to 70° C, Vdd = 12V±10%, Vcc = 5V±10%, Vbb = -5V±10%, Vss 
For Page Mode Operation order: 2109-3* S6064, S6065 or 2109-4* S6066, S6067. 



OV, unless otherwise noted. 





Parameter 


2109-3 
S6064,S6065 


2109-4 
S6066,S6067 


Unit 




Symbol 


Min. 


Max. 


Min. 


Max. 


Notes 


tPC 


Page Mode Read or Write Cycle 


225 




275 




ns 




tPCM 


Page Mode Read Modify Write 


270 




340 




ns 




tCP 


CAS Precharge Time, Page Cycle 


80 




100 




ns 




tRPM 


RAS Pulse Width, Page Mode 


200 


10,000 


250 


10,000 


ns 




tCAS 


CAS Pulse Width 


135 


10,000 


165 


10,000 


ns 




IdD4 


Vdd Supply Current Page Mode, 
Minimum tpc, Minimum tcAS 




30 




26 


mA 


9 



^86064, S6066: A6 at VIH during Row Address Valid. 
S6065, S6067: A6 at VIL during Row Address Valid. 



WAVEFORMS 

PAGE MODE READ CYCLE 



■ 




ADDRESSES 



NOTES: 1,2. V|h min AND V|l max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3,4. Vqh min and Vol max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Dqut- 

5. toFF ISMEASUREDTO louT < I'loI- 

6. tRCH IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST. 

7. ALL VOLTAGES REFERENCED TO Vgs- 

8. AC CHARACTERISTIC ASSUME tj = 5ns. 

9. SEE THE TYPICAL CHARACTERISTICS SECTION FOR VALUES OF THIS PARAMETER 
UNDER ALTERNATE CONDITIONS. 

10. tcRP REQUIREMENT IS ONLY APPLICABLE_FpR RAS/CAS CYCLES PRECEEDED BY A CAS- 
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 

11. ALL PREVIOUSLY SPECIFIED A.C. AND D.C. CHARACTERISTICS ARE APPLICABLE TO THEIR 
RESPECTIVE PAGE MODE DEVICE (i.e., 2109-3, S6064 OR S6065 WILL OPERATE AS A 2109-3). 



3-41 



2109 FAMILY 



PAGE MODE WRITE CYCLE 



■ 




PAGE MODE READ-MODIFY-WRITE CYCLE 



'--SS.S ,r ®xrKXlsy( 




NOTES: 1,2. V,h min AND V,l max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3,4. Vqh min and Vol max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Dqut- 

5. toFF IS MEASURED TO Iqut < I'lo I- 

6. tDS AND tDH ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST. 

7. tcRP REQUIREMENT IS ONLY APPLICABLE_FOR RAS/CAS CYCLES PRECEEDED BY A CAS- 
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 
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APPLICATIONS 

The 2109 is packaged in a standard 16-pin DIP by 
multiplexing 14 address bits onto 7 input pins (Ao-Ae). The 
7 bit address words are latche d into the 2109 by two TTL 
clocks, Row Address Strobe (RAS) and Column Address 
Strobe (CAS). Since the 21 09 is an 8K memory device, only 
13 of the 14 address bits are required and the 14th address 
bit must be at Vih (for S6000, S6002, S6064 or S6066) or Vil 
(for S6001, S6003, S6065 or S6067) during Row Address 
Valid. This means it is not possible to simply tie Input pin 
Ae high or low, since it supplies two system addresses to 
the memory array. Input pin Ae must be at the appropriate 
level (determined by the "S"-specification) during the row 
address valid period and then changed to the proper high 
order address during the column address valid period. 

READ CYCLE 

A Read cycle is p erformed b y maintaining Write Enable 
(WE) high during a RAS/CAS operation. The output pin of 
a selected device will remain in a high impedance state 
until valid data appears at the output at access time. 

Device access time, tACC, is the longer of the two 
calculated intervals: 

1. tACC = tRAC OR 2. tACC = tRCD + tCAC 

Access time from RAS, tpAC, and access time from CAS, 
tcAC, are device parameters. Row to column address 
strobe delay time, tncD, are system dependent timing 
parameters. For example, substituting the device para- 
meters of the 2109-3 yields: 

3. tACC = tRAC = 200nsec for 25nsec <tRCD^65nsec 

OR 

4. tACC = tRCD + tcAC = tRCD + 135 for tRCD > 65nsec 

Note that if 25nsec <tRCD <65nsec device access time is 
determined by equation 3 and is equal to tRAC- If tRCL 
>65nsec, access time is determined by equation 4. This 
40nsec interval (shown in the tRC D ine quality in equation 3) 
in which the falling edge of CAS can occur without 
affecting access time is provid ed to allow for system 
timing skew in the generation of CAS. 

REFRESH CYCLES 

Each of the 64 rows of the 2109 must be refreshed every 2 
milliseconds to maintain data. Any memory cycle: 

1. Read Cycle 

2. Write Cycle (Early Write, Delayed Write or Read- 
Mod ify-Write) 

3. RAS-only Cycle 

r efres hes the selected row as defined by the low order 
(RAS) addresses. Ae must be held at the proper level (Vih 
or ViL depending on specification) to perform 64 cycle 
refres h ope ration, but may be driven high and low for 128 
cycle RAS-only refresh without affecting device data 
retention. Any Write cycle, of course, may change the 
state of the selected cell. Using a Read, Write, or Read- 
Modify-Write cycle for refresh is not recommended for 
systems which utilize "wire-OR" outputs since output bus 
contention will occur. 

A RAS-only refresh cycle is the recommended tech niqu e 
for most applications to provide for data retention. A RAS- 
only refresh cycle maintains the Dout in the high 
impedance state with a typical power reduction of 20% 
over a Read or Write cycle. 



RAS/CAS TIMING 

RAS and CAS have minimum pulse widths as defined by 
tRAS and tcAS respectively. These minimum pulse widths 
must be maintained for proper device o perat ion and data 
integrity. A cycle, once begun by driving RAS and/or CAS 
low must not be ended or aborted prior to fulfilling the 
minimum clock signal pulse width(s). A new cycle can not 
begin until the minimum precharge time, tRp, has been 
met. 

DATA OUTPUT OPERATION 

The 2109 Data Output (D qut), which has three-state 
capab ility, is controlled by CAS. During CAS high state 
(CAS at Vih) the output is in the high impedance state. The 
following table summarizes the Dqut state for various 
types of cycles. 

Intel 2109 Data Output Operation 
for Various Types of Cycles 




Type of Cycle 


Dqut State 


Read Cycle 


Data From Addressed 




Memory Cell 


Fast Write Cycle 


Hl-Z 


RAS-Only Refresh Cycle 


Hl-Z 


CAS-Only Cycle 


Hl-Z 


Read/Modify/Write Cycle 


Data From Addressed 




Memory Cell 


Delayed Write Cycle 


Indeterminate 



HIDDEN REFRESH 

A feature of the 2109 is that refresh cycles may be 
performed while maintaining valid data at the output pin. 
This feature is referred to as Hi dden Refresh. Hidden 
Refresh is performed by holding CAS at Vil and taking 
RAS high an d af ter a specified precharge pe riod (tRp), 
executing a "RAS-Only" refresh cycle, but with CAS held 
low (see Figure below). 



_MEMORY_ 
CYCLE 



1^ / 1 m 



REFRESH 
" CYCLE ~ 



\ 



y- 



This feature allows a refresh cycle to be "hidden" among 
data cycles without affecting the data availability. 

POWER ON 

The 2109 requires no power on sequence providing 
absolute maximum ratings are not exceeded. After the 
application of supply voltages or after extended periods of 
bias (greater than 2 milliseconds) without clocks, the 
device must perform a minimum of eight i nitial ization 
cycles (a ny co mbination of cycles containing a RAS clock, 
such as RAS-Only refresh) prior to normal operation. 



3-43 



2109 FAMILY 



i 



POWER SUPPLY DECOUPLING/DISTRIBUTION 

It is recommended that a O.I/zF ceramic capacitor be 
connected between Vdd and Vss at every other device in 
the memory array. A 0.1 /uF ceramic capacitor should also 
be connected between Vbb and Vss at every other device 
(preferably the alternate devices to the Vdd decoupling). 
For each 16 devices, a 10/uF tantalum or equivalent 
capacitor should be connected between Vdd and Vss near 
the array. An equal or slightly smaller bulk capacitor is 
also recommended between Vbb and Vss for every 32 
devices. 

The Vcc supply is connected only to the 2109 output 
buffer and is not used internally. The load current from the 
Vcc supply is dependent only upon the output loading and 
is associated with the input high level current to a TTL gate 
and the output leakage currents of any OR-tied 2109's 
(typically lOO^A or less total). Intel recommends that a 0.1 
or 0.01 /uF ceramic capacitor be connected between Vcc 
and Vss for every eight memory devices. 

Due to the high frequency characteristics of the current 
waveforms, the inductance of the power supply distribu- 
tion system on the array board should be minimized. It is 
recommended that the Vdd, Vbb, and Vss supply lines be 
gridded both horizontally and vertically. at each device in 
the array. This technique allows use of double sided 
circuit boards with noise performance equal to or better 
than multi-layered circuit boards. 




8K UPGRADE FOR 4K SYSTEMS 

The 2109 can be used to upgradeexisting4K (Intel 2104A) 
memory systems with minimal redesign. The 2109 
maintains many of the features of the 4K RAMs. For 
example, the latche d da ta output of the 4Ks can be 
emulated by holding CAS low to maintain data out valid. 
Hidden refresh capability for the 4Ks Is also maintained 
with the 2109. The 64 cycle refresh operation of the 2109 
m^kes it compatible with 4K systems. 

To upgrade a 4K system to accept the 2109, an extra 
memory address multiplexer_must be implemented to 
replace the Chip Select (CS) input of the 4Ks. The 
replacement circuitry is shown in the figure below, and 
involves some gating to control the output of the 
multiplexer during row and column address valid periods 
and also some control to handle the multiplexer during 
refresh operation. 



COLUMN 
ENABLE 



S6002 
S6064 






^^>°-^g ).>— , 



J 00 Jo— 



>^:>>>qq:>:>>>q 



DECOUPLING CAPACITORS 
D = 0.1mFTO VdqTO Vss 
B=0.1iuFVBBTOVss 
C = O.OImF Vcc TO Vss 



SAMPLE P.C. BOARD LAYOUT EMPLOYING VERTICAL 
AND HORIZONTAL GRIDDING ON ALL POWER SUPPLIES. 
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2111A/8111A-4* 
256 X 4 BIT STATIC RAM 



2111A-2 


250 ns Max. 


2111A 


350 ns Max. 


2111A-4 


450 ns Max. 



■ 



Common Data Input and Output 

Single +5V Supply Voltage 

Directly TTL Compatible: All Inputs and 
Output 

Static MOS: No Clocks or Refreshing 
Required 

Simple Memory Expansion: Chip Enable 
Input 



Fully Decoded: On Chip Address 
Decode 

Inputs Protected: All Inputs Have Pro- 
tection Against Static Charge 

Low Cost Packaging: 18 Pin Plastic Dual 
In-Line Configuration 

Low Power: Typically 150 mW 

Three-State Output: OR-Tie Capability 



The Intel® 2111 A is a 256 word by 4-blt static random access memory element using N-channel MOS devices integrated on a 
monolithic array. It uses fully DC stable (static) circuitry and therefore requires no clocks or refreshing to operate. The data is 
read out nondestructively and has the same polarity as the input data. Common input/output pins are provided. 

The 2111A is designed for memory applications in small systems where high performance, low cost, large bit storage, and 
simple interfacing are important design objectives. 

It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. Separate chip enable (CE) leads allow 
easy selection of an individual package when outputs are OR-tied. 

The Intel® 21 1 1 A is fabricated with N-channel silicon gate technology. This technology allows the design and production of 
high performance, easy-to-use MOS circuits and provides a higher functional density on a monolithic chip than either 
conventional MOS technology or P-channel silicon gate technology. 

Intel's silicon gate technology also provides excellent protection against contamination. This permits the use of low cost 
plastic packaging. 



PIN CONFIGURATION 



LOGIC SYMBOL 







PIN NAMES 


A0-A7 




ADDRESS INPUTS 


OD 




OUTPUT DISABLE 


R/W 




READ/WRITE INPUT 


CEi 




CHIP ENABLE 1 


CE2 




CHIP ENABLE 2 


I/Or I/O4 


DATA INPUT/OUTPUT 



BLOCK DIAGRAM 




"All 81 11 A-4 specifications are identical to the 21 1 1 A-4 specifications. 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias -10°Cto 80°C 

Storage Temperature -65°C to +150°C 

Voltage On Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1 Watt 



*COMMENT: 

Stresses above those listed under "Absolute Maximum 
Rating" may cause permanent damage to ttie device. This 
is a stress rating only and functional operation of the de- 
vice at these or at any other condition above those indi- 
cated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect device reliability. 



D.C. AND OPERATING CHARACTERISTICS 

Ta = 0°C to 70°C, Vcc = 5V ±5% , unless otherwise specified. 



Symbol 


Parameter 


Min. 


Typ.n] 


Max. 


Unit 


Test Conditions 


Ili 


Input Load Current 




1 


10 


ma 


V,N = to 5.25V 


'loh 


I/O Leakage Current 




1 


10 


ma 


Output Disabled, V|/o = 4.0V 


•lol 


I/O Leakage Current 




-1 


-10 


/iA 


Output Disabled, V|/o=0.45V 


'cci 


Power Supply 2111A, 2111A-4 




35 


55 


mA 


V|N = 5.25V 




Current 2111A-2 




45 


65 


l|/0 = OmA,TA = 25°C 


'CC2 


Power Supply 2111A, 211 lA-4 






60 


mA 


V|N = 5.25V 




Current 2111A-2 






70 


l|/O = 0mA, Ta = 0°C 


V|L 


Input Low Voltage 


-0.5 




0.8 


V 




V,H 


Input High Voltage 


2.0 




Vcc 


V 




Vol 


Output Low Voltage 






0.45 


V 


Iql = 2.0mA 


VOH 


Output High 2111A, 2111A-2 


2.4 






V 


lOH = -200mA 


Voltage 2111A-4 


2.4 






V 


Ioh=-150mA 



OUTPUT SOURCE CURRENT VS. 
OUTPUT VOLTAGE 


L \V 




AMBI 
•0°C 
-25°C 
-70°C 


ENT TEMPERATURE 

1 




\^ 


— ' 










\ 


^ 














SA 














^^ 


s, 


Vcc = 4 

OUTPU 


75V 
T "HIG 










\ 


H'TYP 


ICAL 






> 


^ 









OUTPUT SINK CURRENT VS. 
OUTPUT VOLTAGE 



AMBII 


NT TEMPERA 


TURE = 


y.' 


<^ 


^ - 








// 


Z. 


_y 


^ 






A 


y 


y 


/ 








K 


/ 


■fox 








X 


/ 


OUTPU 


.75V 
T -LOV 






/ 


y 




V'TYP 


CAL 


/ 















NOTE: 1 . Typical values are for Ta ^ 25° C and nominal supply voltage. 



Vol (VOLTS) 
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A.C. CHARACTERISTICS FOR 2111A-2 (250 ns ACCESS TIME) 

READ CYCLE Ta = 0°C to 70°C, Vcc = 5V ±5%, unless otherwise specified. 



Symbol 


1 

Parameter 


Min. 


Typ'.'' 


Max. 


Unit 


Test Conditions 


tRC 


Read Cycle 


250 






ns 




tA 


Access Time 






250 


ns 


tr, tf = 20ns 


tco 


Chip Enable To Output 






180 


ns 


Input Levels = 0.8V or 2.0V 


tOD 


Output Disable To Output 






130 


ns 


Timing Reference = 1.5V 


tDF[3] 


Data Output to High Z State 







180 


ns 


Load = 1 TTL Gate 


tOH 


Previous Read Data Valid 
after change of Address 


40 






ns 


and Cl - lOOpF. 



I 



WRITE CYCLE 



Symbol 


Parameter 


Min. 


Tvp'.^' 


Max. 


Unit 


Test Conditions 


twc 


Write Cycle 


170 






ns 




tAW 


Write Delay 


20 






ns 


tr, tf = 20ns 


tew 


Chip Enable To Write 


150 






ns 


Input Levels = 0.8V or 2.0V 


tow 


Data Setup 


150 






ns 


Timing Reference = 1.5V 


tDH 


Data Hold 









ns 


Load= 1 TTL Gate 


twp 


Write Pulse 


150 






ns 


andCL= lOOpF. 


tWR 


Write Recovery 









ns 




tos 


Output Disable Setup 


20 






ns 





[2] 

CAPACITANCE Ta = 25°c, f = i mhz 



Symbol 


Test 


Limits (pF) 


Typ.H] 


Max. 


Qn 


Input Capacitance 

(All Input Pins) V|n = OV 


4 


8 


C|/o 


I/O Capacitance V|/o = OV 


10 


15 



WAVEFORMS 

READ CYCLE 



WRITE CYCLE 



'D( 



CHIP 

ENABLES 

(CE1,CE2) 



OUTPUT 
DISABLE 



tr: 



t: 



:x 



)C — o( 



y 



/ toH^I 



DATA OUT 
VALID 



CHIP 

EJSIABLES 

(CE^-CEj) 



OUTPUT 
DISABLE 



READ / 
WRITE 



t 



-^DS- 



)\ 






DATA IN 
STABLE 



y 



)c: 



j'' 



NOTES: 1 . Typical values are for T/\ = 25° C and nominal supply voltage. 

2. This parameter is periodically sampled and is not 100% tested. 

3. tQF is with respect to the trailing edge of CE-] , CE2, or OD, whichever occurs first. 
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2111A (350 ns ACCESS TIME) 
A.C. CHARACTERISTICS 

READ CYCLE Ta = 0°C to 70°C, Vcc = BV ±5%, unless otherwise specified. 



I 



Symbol 


Parameter 


Min. 


TV^.^' 


Max. 


Unit 


Test Conditions 


tRC 


Read Cycle 


350 






ns 




tA 


Access Time 






350 


ns 


tr, tf = 20ns 


tco 


Chip Enable To Output 






240 


ns 


Input Levels = 0.8V or 2.0V 


tOD 


Output Disable To Output 






180 


ns 


Timing Reference = 1.5V 


tDFt2] 


Data Output to High Z State 







150 


ns 


Load = 1 TTL Gate 


tOH 


Previous Read Data Valid 
after change of Address 


40 






ns 


and Cl - lOOpF. 



WRITE CYCLE 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


%c 


Write Cycle 


220 






ns 




^AW 


Write Delay 


20 






ns 


tr, tf - 20ns 


tew 


Chip Enable To Write 


200 






ns 


input Levels = 0.8V or 2.0V 
Timing Reference = 1.5V 
Load = 1 TTL Gate 

and Cl= lOOpF. 


^DW 


Data Setup 


200 






ns 


tDH 


Data Hold 









ns 


twp 


Write Pulse 


200 






ns 


tWR 


Write Recovery 









ns 




tDS 


Output Disable Setup 


20 






ns 





2111A-4 (450 ns ACCESS TIME) 
A.C. CHARACTERISTICS 

READ CYCLE Ta = 0°C to 70°C, Vqc = 5V ±5%, unless otherwise specified. 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


*^RC 


Read Cycle 


450 






ns 




tA 


Access Time 






450 


ns 


tr, tf = 20ns 


tco 


Chip Enable To Output 






310 


ns 


Input Levels = 0.8V or 2.0V 


tOD 


Output Disable To Output 






250 


ns 


Timing Reference - 1.5V 


tDF f2] 


Data Output to High Z State 







200 


ns 


Load - 1 TTL Gate 

and Cl= lOOpF. 


tOH 


Previous Read Data Valid 
after change of Address 


40 






ns 



WRITE CYCLE 



Symbol 


Parameter 


Min. 


Typ'^' 


Max. 


Unit 


Test Conditions 


two 


Write Cycle 


270 






ns 




tAW 


Write Delay 


20 






ns 


tr, tf = 20ns 


tew 


Chip Enable To Write 


250 






ns 


Input Levels = 0.8V or 2.0V 


tow 


Data Setup 


250 






ns 


Timing Reference - 1.5V 
Load = 1 TTL Gate 

andCL= lOOpF. 


tDH 


Data Hold 









ns 


twp 


Write Pulse 


250 






ns 


tWR 


Write Recovery 









ns 




tDS 


Output Disable Setup 


20 






ns 





NOTES: 1 . Typical values are for Ta = 25° C and nominal s uppl y voltage. 

2. tDp is with respect to the trailing edge of CE^ , CE2, or OD, whichever occurs first. 
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2112A 
256 X 4 BIT STATIC RAM 



2112A-2 


250 ns Max. 


211 2A 


350 ns Max. 


2112A-4 


450 ns Max. 




Single +5V Supply Voltage 

Directly TIL Compatible: All Inputs and 
Outputs 

Static MOS: No Clocks or Refreshing 
Required 

Simple Memory Expansion: Chip Enable 
Input 



Fully Decoded: On Chip Address 
Decode 

Inputs Protected: All Inputs Have Pro- 
tection Against Static Charge 

Low Cost Packaging: 16 Pin Plastic Dual 
In-Line Configuration 

Low Power: Typically 150 mW 

Three-State Output: OR-Tie Capability 



The Intel® 211 2A is a 256 word by 4-bit static random access memory element using N-channel MOS devices integrated on a 
monolithic array. It uses fully DC stable (static) circuitry and therefore requires no clocks or refreshing to operate. The data is 
read out nondestructively and has the same polarity as the input data. Common input/output pins are provided. 

The 2112A is designed for memory applications in small systems where high performance, low cost, large bit storage, and 
simple interfacing are important design objectives. 

It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. A separate chip enable (CE) lead allows 
easy selection of an individual package when outputs are OR-tied. 

The Intel® 21 12A is fabricated with N-channel silicon gate technology. This technology allows the design and production of 
high performance, easy-to-use MOS circuits and provides a higher functional density on a monolithic chip than either 
conventional MOG technology or P-channel silicon gate technology. 



PIN CONFIGURATION 



LOGIC SYMBOL 



Asc: 


1 


16 


ZlVcc 


A2C1 


2 


15 


Z]A4 


Aid 


3 


14 


Hwr 


AoCZ 


4 


13 


Del 


AsC 


5 


12 


I]"/04 


AeC 


6 


11 


Z]"/03 


A7[I 


7 


10 


Z]'/02 


gndI 


8 


9 


ZI1/O1 



TT 



PIN NAMES 



Ao- 


^ 


ADDRESS INPUTS 


WE 




WRITE ENABLE 


CE 




CHIP ENABLE INPUT 


1/0, 


-I/O4 DATA INPUT/OUTPUT 


Vcc 




POWER (+5V) 



BLOCK DIAGRAM 
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ABSOLUTE MAXiMUM RATINGS'^ 

Ambient Temperature Under Bias -10°C to 80°C 

Storage Temperature -65°C to +150°C 

Voltage On Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1 Watt 



"COMMENT: 

Stresses above those listed under "Absolute Maximum 
Rating" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the de- 
vice at these or at any other condition above those indi- 
cated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect device reliability. 



D.C. AND OPERATING CHARACTERISTICS 

Ta = 0°C to 70°C, Vcc = 5V ±5% unless otherwise specified. 



Symbol 


Parameter 


Min. 


Typ.t^^ 


Max. 


Unit 


Test Conditions 


Ili 


Input Current 




1 


10 


ma 


V,N =0 to 5.25V 


'loh 


I/O Leakage Current 




1 


10 


MA 


Output Disabled, V|/o=4.0V 


'lol 


I/O Leakage Current 




-1 


-10 


ma 


Output Disabled, V|/o=0.45V 


lcci 


Power Supply 21 1 2A, 21 1 2A-4 




35 


55 


mA 


V,N = 5.25V, i 1/0= 0mA 




Current 2112A-2 




45 


65 


Ta = 25°C 


*CC2 


Power Supply 2112A, 2112A-4 






60 


mA 


V|N = 5.25V, 1 1/0 = 0mA 




Current 2112A-2 






70 


Ta=0°C 


V|L 


Input "Low" Voltage 


-0.5 




0.8 


V 




VlH 


Input "High" Voltage 


ZO 




Vcc 


V 




Vol 


Output "Low" Voltage 






+0.45 


V 


loL = 2.0 mA 


VOH 


Output "High" 2112A, 2112A'2 


2.4 






V 


loH = -200iuA 




Voltage 2112A-4 


2.4 






V 


loH=-150iuA 



A.C. CHARACTERISTICS FOR 2112A-2 

READ CYCLE Ta = 0°C to 70°C, Vcc = 5V ±5% unless otherwise specified. 



Symbol 


Parameter 


Min. 


TypJ^^ 


Max. 


Unit 


Test Conditions 


tRC 


Read Cycle 


250 






ns 


tr, tf = 20ns 


tA 


Access Time 






250 


ns 




tco 


Chip Enable To Output Time 






180 


ns 


Timing Reference = 1.5V 


tCD 


Chip Enable To Output Disable Time 







120 


ns 


Load = 1 TTL Gate 


^OH 


Previous Read Data Valid After 
Change of Address 


40 






ns 


andCL= lOOpF. 



READ CYCLE WAVEFORMS 



0( 



CHIP ENABLE 



INPUT/OUTPUT 



•J 1 



^ 



X 



€ 



[2] 



CAPACITANCE Ta = 25°C,f = 1 MHz 



Symbol 


Test 


Limits (pF) 


Typ.fl] 


Max. 


Qn 


Input Capacitance 

(All Input Pins) V|n = OV 


4 


8 


Q/o 


I/O Capacitance V|/o = OV 


10 


15 



NOTES: 

1 . Typical values are for T/^ = 25° C and nominal supply voltage. 

2. This paranneter is periodically sampled and is not 100% tested. 
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2112A FAMILY 



A.C. CHARACTERISTICS FOR 2112A-2 (Continued) 

WRITE CYCLE #1 Ta = 0°C to 70°C, Vcc = 5V ±5% 



Symbol 


Parameter 


Min. 


Typ.til 


Max. 


Unit 


Test Conditions 


twci 


Write Cycle 


200 






ns 


tr, tf = 20ns 


^AWI 


Address To Write Setup Time 


20 






ns 


Input Levels = 0.8V or 2.0V 


^DWI 


Write Setup Time 


180 






ns 


Timing Reference = 1.5V 


%P1 


Write Pulse Width 


180 






ns 


Load = 1 TTL Gate 


tcsi 


Chip Enable Setup Time 









ns 


and Cl= lOOpF. 


tCHI 


Chip Enable Hold Time 









ns 




tWRI 


Write Recovery Time 









ns 




^DHI 


Data Hold Time 









ns 




^CWI 


Chip Enable To Write Setup Time 


180 






ns 





■ 



WRITE CYCLE #2 Ta = 0°C to 70°C, Vqc = 5V ±5% 



Symbol 


Parameter 


Min. 


Typ.t^J 


Max. 


Unit 


Test Conditions 


%C2 


Write Cycle 


320 






ns 


tr, tf = 20ns 


UW2 


Address To Write Setup Time 


20 






ns 


Input Levels = 0.8V or 2.0V 


tDW2 


Write Setup Time 


180 






ns 


Timing Reference = 1.5V 


tWD2 


Write To Output Disable Time 


120 






ns 


Load = 1 TTL Gate 


tcS2 


Chip Enable Setup Time 









ns 


and Cl= lOOpF. 


tCH2 


Chip Enable Hold Time 









ns 




%R2 


Write Recovery Time 









ns 




tDH2 


Data Hold Time 









ns 





WRITE CYCLE WAVEFORMS 

WRITE CYCLE #1 



0( 



INPUT/OUTPUT 



X 



ic: 



X 



DATA IN 
STABLE 



^^ / 



J 



I-* In 



WRITE CYCLE #2 



0( 



CHIP ENABLE 



INPUT/OUTPUT 



}( 



DATA IN 
STABLE 



^s / 



X 



X 



NOTE: 1. Typical values are for T/^ = 25° C and nominal supply voltage. 
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21 12A FAMILY 



A.C. CHARACTERISTICS FOR 2112A 

READ CYCLE Ta = 0°C to 70°C, Vqc = 5V ±5% unless otherwise specified. 



i 



Symbol 


Parameter 


Min. 


Typf^J 


Max. 


Unit 


Test Conditions 


tRC 


Read Cycle 


350 






ns 


tr, tf = 20ns 


tA 


Access Time 






350 


ns 


Input Levels = 0.8V or 2.0V 


tco 


Chip Enable To Output Time 






240 


ns 


Timing Reference = 1.5V 


tCD 


Chip EnableTo Output Disable Time 







200 


ns 


Load= 1 TTLGate 


tOH 


Previous Read Data Valid After 
Change of Address 


40 






ns 


andCL= lOOpF. 



WRITE CYCLE #1 Ta = 0°C to 70°C, Vqc = 5V ±5% 



Symbol 


Parameter 


Min. 


Typ.f^^ 


Max. 


Unit 


Test Conditions 


twci 


Write Cycle 


270 






ns 


tr, tf = 20ns 


tAWI 


Address To Write Setup Time 


20 






ns 


Input Levels = 0.8V or 2.0V 


tpwi 


Write Setup Time 


250 






ns 


Timing Reference = 1.5V 


tWPI 


Write Pulse Width 


250 






ns 


Load = 1 TTL Gate 


tcsi 


Chip Enable Setup Time 









ns 


andC|_= lOOpF. 


tCHI 


Chip Enable Hold Time 









ns 


tWRI 


Write Recovery Time 









ns 




^DHI 


Data Hold Time 









ns 




^CWI 


Chip Enable to Write Setup Time 


250 






ns 





WRITE CYCLE #2 Ta = 0°C to 70°C, Vqc = 5V ±5% 



Symbol 


Parameter 


Min. 


TypJ^^ 


Max. 


Unit 


Test Conditions 


twc2 


Write Cycle 


470 






ns 


tr, tf = 20ns 


tAW2 


Address To Write Setup Time 


20 






ns 


Input Levels = 0.8V or 2.0V 


tDW2 


Write Setup Time 


250 






ns 


Timing Reference = 1.5V 
Load = 1 TTL Gate 


tWD2 


Write To Output Disable Time 


200 






ns 


tCS2 


Chip Enable Setup Time 









ns 


andCL= lOOpF. 


tCH2 


Chip Enable Hold Time 









ns 


twR2 


Write Recovery Time 









ns 




tDH2 


Data Hold Time 









ns 





NOTE: 1. Typical values are for Ta = 25° C and nominal supply voltage. 
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2112A FAMILY 



A.C. CHARACTERISTICS FOR 2112A-4 

READ CYCLE Ta = 0°C to 70°C, Vqc = 5V ±5% unless otherwise specified. 



Symbol 


Parameter 


Min. 


Typf^l 


Max. 


Unit 


Test Conditions 


tRC 


Read Cycle 


450 






ns 


tr, tf = 20ns 


tA 


Access Time 






450 


ns 


Input Levels = 0.8V or 2.0V 


tco 


Chip Enable To Output Time 






310 


ns 


Timing Reference = 1.5V 


tCD 


Chip Enable To Output Disable Time 







260 


ns 


Load= 1 TTLGate 


tOH 


Previous Read Data Valid After 
Change of Address 


40 






ns 


and Cl= lOOpF. 



■ 



WRITE CYCLE #1 Ta = 0°C to 70°C, Vqc = 5V ±5% 



Symbol 


Parameter 


Min. 


Typ/^^ 


Max. 


Unit 


Test Conditions 


twci 


Write Cycle 


320 






ns 


tr, tf - 20ns 


tAWl 


Address To Write Setup Time 


20 






ns 


Input Levels = 0.8V or 2.0V 


tdwi 


Write Setup Time 


300 






ns 


Timing Reference = 1.5V 


tWPI 


Write Pulse Width 


300 






ns 


Load = 1 TTL Gate 


tcsi 


Chip Enable Setup Time 









ns 


and Cl= lOOpF. 


tCHI 


Chip Enable Hold Time 









ns 




tWRI 


Write Recovery Time 









ns 




^DHI 


Data Hold Time 









ns 




^CWI 


Chip Enable to Write Setup Time 


300 






ns 





WRITE CYCLE #2 Ta = 0°C to 70°C, Vqc = 5V ±5% 



Symbol 


Parameter 


Min. 


TypJiJ 


Max. 


Unit 


Test Conditions 


twC2 


Write Cycle 


580 






ns 


tr, tf = 20ns 


tAW2 


Address To Write Setup Time 


20 






ns 


Input Levels = 0.8V or 2.0V 


tDW2 


Write Setup Time 


300 






ns . 


Timing Reference = 1.5V 


tWD2 


Write To Output Disable Time 


260 






ns 


Load= 1 TTLGate 


tcS2 


Chip Enable Setup Time 









ns 


andCL= lOOpF. 


tCH2 


Chip Enable Hold Time 









ns 


tWR2 


Write Recovery Time 









ns 




tDH2 


Data Hold Time 









ns 





NOTE: 1. Typical values are for Ta = 25° C and nominal supply voltage. 
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Intel 



2114 
1024 X 4 BIT STATIC RAM 



■ 





2114-2 


2114-3 


2114 


211 4L2 


2114L3 


2114L 


Max. Access Time (ns) 


200 


300 


450 


200 


300 


450 


Max. Power Dissipation (mw) 


525 


525 


525 


370 


370 


370 



High Density 18 Pin Package 
Identical Cycle and Access Times 
Single +5V Supply 

No Clock or Timing Strobe Required 
Completely Static Memory 



Directly TTL Compatible: All Inputs 
and Outputs 

Common Data Input and Output Using 
Three-State Outputs 

Pin-Out Compatible with 3605 and 3625 
Bipolar PROMs 



The Intel® 2114 is a 4096-bit static Random Access Memory organized as 1 024 words by 4-bits using N-channel Silicon-Gate 
MOS technology. It uses fully DC stable (static) circuitry throughout — in both the array and the decoding — and therefore 
requires no clocks or refreshing to operate. Data access is particularly simple since address setup times are not required. The 
data is read out nondestructively and has the same polarity as the input data. Common input/output pins are provided. 

The 21 14 is designed for memory applications where high performance, low cost, large bit storage, and simple interfacing are 
important design objectives. The 2114 is placed in an 18-pin package for the highest possible density. 

It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. A separate Chip Select (CS) lead allows 
easy selection of an individual package when outputs are or-tied. 

The 21 14 is fabricated with Intel's N-channel Silicon-Gate technology — a technology providing excellent protection against 
contamination permitting the use of low cost plastic packaging. 



PIN CONFIGURATION 




LOGIC SYMBOL 



Ao 




Ai 


I/O1 


A2 




A3 
A4 


I/O2 


A5 
As 


I/O3 


A7 
As 


I/O4 


A9 
WE 


CS 



TT 



PIN NAMES 



Ag-Ag ADDRESS INPUTS 


Vcc POWER {+5V) 


WE WRITE ENABLE 


GND GROUND 


CS CHIP SELECT 




l/O^-l/O^ DATA INPUT/OUTPUT 





® 



® 



® 



*; 

I/O, 
I/O2 
I/O3 
I/O, 



® 



@ 



® 



^ 



® 



@ 



®. 



-t:^ 



^ 



-0s: 



^ 



^ 



-t:^ 



-^ 



:=^ 



::^ 



-.z^ 




BLOCK DIAGRAM 



ROW 
SELECT 



MEMORY ARRAY 

64 ROWS 

64 COLUMNS 



INPUT 

DATA 

CONTROL 



COLUMN I/O CIRCUITS 



COLUMN SELECT 



(CCCC 



® 
® 






^4: 



O = PIN NUMBERS 
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2114 FAMILY 



ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias -10°Cto 80°C 

Storage Temperature -65°C to +150°C 

Voltage on Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation LOW 

D.C. Output Current 5mA 



D.C. AND OPERATING CHARACTERISTICS 

Ta = 0°C to 70° C, Vcc = 5V ± 5%, unless otherwise noted. 



*COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 




SYMBOL 


PARAMETER 




2114-2,2114-3,2114 
Min. Typ.l1] Max. 


2114L2, 2114L3, 
Min. Typ.[l] 


2114L 
Max. 


UNIT 


CONDITIONS 


•li 


Input Load Current 
(All Input Pins) 


10 


10 


MA 


V,N = to 5.25V 


HloI 


I/O Leakage Current 


10 


10 


MA 


CS=2.4V, 

V|/o = 0.4V to Vcc 


•cci 


Power Supply Current 


80 95 


65 


mA 


V|N = 5.25V, l|/o = OmA, 
Ta = 25°C 


ICC2 


Power Supply Current 


100 


70 


mA 


V|N = 5.25V, 1 1/0 = mA, 
Ta = 0°C 


V,L 


Input Low Voltage 


-0.5 0.8 


-0.5 


0.8 


V 




V|H 


Input High Voltage 


2.0 6.0 


2.0 


6.0 


V 




lOL 


Output Low Current 


2.1 6.0 


2.1 6.0 


mA 


Vol = 0.4V 


'oh 


Output High Current 


-1.0 -1.4 


-1.0 -1.4 


mA 


VoH = 2.4V 


lost21 


Output Short Circuit 
Current 


40 


40 


mA 





NOTE: 1 . Typical values are for T^ = 25" C and Vcc " 5.0V. 
2. Duration not to exceed 30 seconds. 



CAPACITANCE 

Ta = 25°C,f = 1.0 MHz 



SYMBOL 


TEST 


MAX 


UNIT 


CONDITIONS 


Ci/o 


Input/Output Capacitance 


5 


pF 


V,/o = OV 


C|N 


Input Capacitance 


5 


pF 


V,N=OV 



note: This parameter is periodically sampled and not 100% tested. 



A.C. CONDmONS OF TEST 

Input Pulse Levels 0.8 Volt to 2.4 Volt 

Input Rise and Fall Times 10 nsec 

Input and Output Timing Levels 1.5 Volts 

Output Load 1 TTL Gate and Cl = 100 pF 



TEST NOTE: This circuit 
employs a self starting 
oscillator and a charge 
pump which require a 
certain amount of time 
after POWER ON to start 
functioning properly. This 
2J14 circuit is conserva- 
tively specified as requir- 
ing 500 jLtsec after Vcc 
reaches its specified 
limits (4.75V). 
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2114 FAMILY 



A.C. CHARACTERISTICS Ta = 0°C to 70° C, Vcc = 5V ± 5%, unless otherwise noted. 



READ CYCLE 



[1] 




SYMBOL 


PARAMETER 


2114-2, 
Min. 


2114L2 
Max. 


2114-3, 
Min. 


2114L3 
Max. 


2114, 
Min. 


2114L 
Max. 


UNIT 


tRC 


Read Cycle Time 


200 


300 


450 


ns 


tA 


Access Time 


200 


300 


450 


ns 


tco 


Chip Selection to Output Valid 


70 


100 


120 


ns 


tcx 


Chip Selection to Output Active 


20 


20 


20 


ns 


tOTD 


Output 3~state from Deselection 


60 


80 


100 


ns 


tOHA 


Output Hold from Address Change 


50 


50 


50 


ns 



WRITE CYCLE 



[2] 



SYMBOL 


PARAMETER 


2114-2, 211 4L2 
Min. Max. 


2114-3, 21 14L3 
Min. Max. 


2114, 2114L 
Min. Max. 


UNIT 


twc 


Write Cycle Time 


200 


300 


450 


ns 


tw 


Write Time 


120 


150 


200 


ns 


tWR 


Write Release Time 











ns 


tOTW 


Output 3-state from Write 


60 


80 


100 


ns 


tow 


Data to Write Time Overlap 


120 


150 


200 


ns 


tDH 


Data Hold From Write Time 











ns 



NOTES: 

1. A Read occurs during the overlap of a low CS and a high WE. 

2. A Write occurs during the overlap of a low CS and a low WE. 



WAVEFORMS 

READ CYCLE® 



WRITE CYCLE 



3 



s\\\\\\\\\\\\\\\m 



^ 



ii 



mmnm 



NOTES: 

d) WE is high for a Read Cycle. 

(5) If the CS low transition occurs sinnultaneousiy with the WE low 
transition, the output buffers rennain in a high impedance state, 
d) WE must be high during all address transitions. 



IDC 



®, 



wi"®lSSs. 



sm 



)))))))))m 



j W///////////, 



<i 



j^ 



] {){ xmm 
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2114 FAMILY 



TYPICAL D.C. AND A.C. CHARACTERISTICS 



NORMALIZED ACCESS TIME VS. 
SUPPLY VOLTAGE 



1.1 

1.0 
0.9 
0.8 
0.7 
0.6 
n R 

























- 



































5.00 

Vcc (V) 



NORMALIZED ACCESS TIME VS. 
OUTPUT LOAD CAPACITANCE 





1.1 
1.0 
0.9 
0.8 
0.7 
0.6 








1 









-^ 








< 

Q 












m 
N 

< 

















































NORMALIZED ACCESS TIME VS. 
AMBIENT TEMPERATURE 



\.^ 
1.1 
1.0 
0.9 
0.8 
0.7 
0.6 
OR 



























































■ 



NORMALIZED POWER SUPPLY CURRENT 
VS. AMBIENT TEMPERATURE 



1.1 

1.0 

2 0-9 

N 

1 0.8 

o: 
o 

^ 0.7 
0.6 






























^ 










- 



















300 400 

Cl (pF) 



OUTPUT SOURCE CURRENT 
VS. OUTPUT VOLTAGE 



<»u 












\ 








10 



s 


k 








\ 


V 





2 

VoH (V) 



OUTPUT SINK CURRENT 
VS. OUTPUT VOLTAGE 



4U 

30 

I . 

o 

10 














y 


^ 




/ 


/ 






/ 









12 3 4 

Vol (V) 
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Intel 



2115A, 2125A FAMILY 
HIGH SPEED IK X 1 BIT STATIC RAM 



I 





2115AL 
2125AL 


2115A 
2125A 


2115AL-2 
2125AL-2 


2115A-2 
2125A-2 


Max. TA/v(ns) 


45 


45 


70 


70 


Max. lcc("iA) 


75 


125 


75 


125 



■ HMOS Technology 

■ Pin Compatible To 93415A 
(2115A) And 93425A (2125A) 

m Fan-Out Of 10 TTL (2115A Family) 
-- 16mA Output Sink Current 

■ Low Operating Power Dissipation 
"Max.0.39mW/Bit(2115AL,2125AL) 



■ TTL Inputs And Outputs 

■ Single +5V Supply 

■ Uncommitted Collector (21 15 A) 
And Three-State (2125A) Output 

■ Standard 16-Pin Dual In-Line 
Package 



The Intel® 2115A and 2125A families are high-speed, 1024 words by 1 bit random access memories. Both open collector 
(2115A) and three-state output {2125A) are available. The 2115A and 2125A use fully DC stable (static) circuitry through- 
out — in both the array and the decoding and, therefore, require no clocks or refreshing to operate. The data is read out non- 
destructively and has the same polarity as the input data. 

The 2115AL/2125AL at 45 ns maximum access time and the 21 15AL-2/2125AL-2 at 70 ns maximum access time are fully 
compatible with the industry-produced IK bipolar RAMs, yet offer a 50% reduction in power of their bipolar equivalents. 
The power dissipation of the 21 15AL/2125AL and 21 15AL-2/2125AL-2 is 394 mW maximum as compared to 814 mW 
maximum of their bipolar equivalents. For systems already designed for 1K bipolar RAMs, the 2115A/2125A and the 
21 15A-2/2125A-2 at 45 ns and 70 ns maximum access times, respectively, offer complete compatibility with a 20% reduction 
in maximum power dissipation. 

The devices are directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. A separate select (CS) lead 
allows easy selection of an individual package when outputs are OR-tied. 

The 21 15A and 2125A families are fabricated with HMOS, Intel's High Speed N-channel MOS Silicon Gate Technology. 



PIIM CONFIGURATION 



LOGIC SYMBOL 



AaC 



"OUT 

gnd| 



12 ZlAs 
11 Z]A, 
10 ZlAe 





i 


i 


i 


Aq _. 


1 
2 


15 


14 


A, 


3 






A2_ 


4 






A3 — 


5 






\ 


6 






A5 — 


9 






Afi — 


10 






A7 — 


11 






As — 


12 






A9 — 


13 


7 





PIN 16 
PINS 



PIN NAMES 


CS 


CHIP SELECT 


A0TOA9 


ADDRESS INPUTS 


m 


WRITE ENABLE 


Din 


DATA INPUT 


DOUT 


DATA OUTPUT 



BLOCK DIAGRAM 



SENSE AMPS 

AND 

WRITE 

DRIVERS 



mr 



CONTROL 

LOGIC 

(SEE TRUTH 

TABLE) 



t t 



© 



@@(4)©(6) ®@(U)@@ (D @ @ 

TRUTH TABLE 



INPUTS 


OUTPUT 
2115A FAMILY 


OUTPUT 
2125A FAMILY 


MODE 


CS WE Dim 


DouT 


CtouT 




H X X 


HIGH Z 


HIGH Z 


NOT SELECTED 


L L L 


HIGH Z 


HIGH Z 


WRITE "0" 


L L H 


HIGH Z 


HIGH Z 


WRITE "1" 


L H X 


DbUT 


DouT 


READ 
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2115A, 2125A FAMILY 



ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias -10°Cto +85°C 

Storage Temperature -65°Cto +150°C 

All Output or Supply Voltages -0.5V to +7V 

All Input Voltages -0.5V to +5.5V 

D.C. Output Current 20 mA 

D.c. characteristics"^^ 

Vcc = 5V ±5%, Ta = 0°C to 75°C 



*COMMENT: Stresses above those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or 
at any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device 
reliability. 




Symbol 


Test 


Min. 


Typ. 


Max. 


Unit 


Conditions 


VOLI 


21 15A Family Output Low Voltage 






0.45 


V 


l0L= 16mA 


V0L2 


2125A Family Output Low Voltage 






0.45 


V 


l0L = 7 mA 


V|H 


Input High Voltage 


2.1 






V 




V|L 


Input Low Voltage 






0.8 


V 




l|L 


Input Low Current 




-0.1 


-40 


mA 


Vcc = Max., V|N = 0.4V 


•iH 


Input High Current 




0.1 


40 


ma 


Vcc = Max., V|N = 4.5V 


'CEX 


21 15A Family Output Leakage Current 




0.1 


100 


AiA 


Vcc = Max., VouT = 4.5V 


HoffI 


2125A Family Output Current (High Z) 




0.1 


50 


ma 


Vcc = Max., VouT = 0.5V/2.4V 


losf^^ 


2125A Family Current Short Circuit 
to Ground 






-100 


mA 


Vcc~ Max. 


VOH 


Family Output High Voltage 


2.4 






V 


loH = -3.2 mA 


'cc 


Power Supply Current: 

lcci:2115AL, 2115AL-2, 2125AL, 
2125AL-2 




60 


75 


mA 


All Inputs Grounded, Output 
Open 


Icc2: 2115A,2115A-2, 2125A,2125A-2 




100 


125 


mA 



NOTES: 



1. The operating ambient temperature ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute. Typical thermal 
resistance values of the package at maximum temperature are: 

0JA (@ 400 fpM air flow) = 45°C/W 
0JA (still air) = 60°C/W 
0JC = 25°C/W 

2. Typical limits are at Vcc ~ 5V, T/^ = +25°C, and maximum loading. 

3. Duration of short circuit current should not exceed 1 second. 
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2115A FAMILY A.C. CHARACTERiSTICS^^'2^ Vcc = 5V ±5%, Ta = 0°C to 75°C 
READ CYCLE 



■ 



Symbol 


Test 


21 15AL Limits 
Min. Typ. Max. 


2115A Limits 
Min. Typ. Max. 


21 15AL-2 Limits 
Min. Typ. Max. 


2115A-2 Limits 
Min. Typ. Max. 


Units 


"^ACS 


Chip Select Time 


5 


15 


30 


5 


15 


30 


5 


15 


30 


5 


15 


40 


ns 


tRCS 


Chip Select Recovery Time 




10 


30 




10 


30 




10 


30 




10 


40 


ns 


tAA 


Address Access Time 




30 


45 




30 


45 




40 


70 




40 


70 


ns 


toH 


Previous Read Data Valid After 
Change of Address 


10 


10 


10 


10 


ns 


WRITE CYCLE 


Symbol 


Test 


Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


Units 


%s 


Write Enable Time 




10 


25 




10 


30 




10 


25 




10 


40 




%R 


Write Recovery Time 







25 







30 







25 







45 


ns 


tw 


Write Pulse Width 


30 


20 




30 


10 




30 


15 




50 


15 




ns 


twSD 


Data Set-Up Time Prior to Write 





-5 




5 


-5 







-5 




5 


-5 




ns 


tWHD 


Data Hold Time After Write 


5 







5 







5 







5 







ns 


twSA 


Address Set-Up Time 


5 







5 







5 







15 







ns 


tWHA 


Address Hold Time 


5 







5 







5 







5 







ns 


twscs 


Chip Select Set-Up Time 


5 







5 







5 







5 







ns 


tWHCS 


Chip Select Hold Time 


5 







5 







5 







5 







ns 



A.C. TEST CONDITIONS 



30pF 

(INCLUDING 
SCOPE AND 
JIG) 



ALL INPUT PULSES 



Ly 



1 



\ 



5 — *"],-• 10ns 



\90% 
10% 



•►. ■• 10ns 



/10% 
90% 



READ CYCLE 



X 



XDATA \/ 

. UNDEFINED ^ V 



PROPAGATION DELAY FROM CHIP SELECT 

CS V I 



\ 



/ 



i 



WRITE CYCLE 



DOUT 



1. 



a( 



X 



ac 



X 



^^1^ 



DATA 
UNDEFINED 



v!ii!_ 



f 



(ALL ABOVE MEASUREMENTS REFERENCED TO 1.5V) 
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2125A FAMILY A.C. CHARACTER ISTICS"^^ Vcc = 5V ±5%, Ta 
READ CYCLE 


= 0°Cto75°C 










Symbol 


Test 


21 25 AL Limits 
Min. Typ. Max. 


2125A Limits 
Min. Typ. Max. 


2125AL-2 Limits 
Min. Typ. Max. 


2125A-2 Limits 
Min. Typ. Max. 


Units 


"l^ACS 


Chip Select Time 


5 


15 


30 


5 


15 


30 


5 


15 


30 


5 


15 


40 


ns 


^ZRCS 


Chip Select to HIGHZ 




10 


30 




10 


30 




10 


30 




10 


40 


ns 


^AA 


Address Access Time 




30 


45 




30 


45 




40 


70 




40 


70 


ns 


^OH 


Previous Read Data Valid After 
Change of Address 


10 


10 


10 


10 


ns 


WRITE CYCLE 


Symbol 


Test 


Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


Units 


tzws 


Write Enable to HIGHZ 




10 


25 




10 


30 




10 


25 




10 


40 


ns 


tWR 


Write Recovery Time 







25 







30 







25 







45 


ns 


tw 


Write Pulse Width 


30 


20 




30 


10 




30 


10 




50 


15 




ns 


tWSD 


Data Set-Up Time Prior to Write 





-5 




5 


-5 







-5 




5 


-5 




ns 


tWHD 


Data Hold Time After Write 


5 







5 







5 







5 







ns 


twSA 


Address Set-Up Time 


5 







5 







5 







15 







ns 


tWHA 


Address Hold Time 


5 







5 







5 







5 







ns 


twscs 


Chip Select Set-Up Time 


5 







5 







5 







5 







ns 


tWHCS 


Chip Select Hold Time 


5 







5 







5 







5 







ns 




A.C. TEST CONDITIONS 



2125A 
D0UT~ 



30pF 

(INCLUDING 
SCOPE AND 
JIG) 



ALL INPUT PULSES 



3.5VPP 
GND — ^ 




\90% 



- y- --10% 

-/-J ~- 90% 



READ CYCLE 

A0-A9 



T 



I*- 



XDATA ' \/ 

UNDEFINED ^V 



WRITE CYCLE 

^' — 1. 



PROPAGATION DELAY FROM CHIP SELECT 




^ 



T 



r 



w. 



X 



^^^' 



twscs 



77777- 

// HIGH 






(ALL ABOVE MEASUREMENTS REFERENCED TO 1.5V) 
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2125A FAMILY WRITE ENABLE TO HIGH Z DELAY 




500 > ~^ 



WRITE ENABLE 



DOUT 
DATA OUTPUT 



DoUT ' 
DATA OUTPUT 



\lf! /' 



f HIGH Z 

"~ ~\ 0.5V 



}• 0.5V 

HIGHZ 



2125A FAMILY PROPAGATION DELAY FROM CHIP SELECT TO HIGH Z 



CHIP SELECT 



DoUT 
DATA OUTPUT 



DOUT 
DATA OUTPUT 



f' 



_}- 0.5V 



^F> 



0.5V 

HIGHZ 



(ALL t^xxX PARAMETERS ARE MEASURED AT A DELTA 
OF 0.5V FROM THE LOGIC LEVEL AND USING LOAD 1.) 



2115A/2125A FAMILY CAPACITANCE* Vcc= 5V, f = 1 MHz, Ta = 25°C 



SYMBOL 


TEST 


2115A Family 
LIMITS 


2125A Family 
LIMITS 


UNITS 


TEST CONDITIONS 


TYP. 


MAX. 


TYP. 


MAX. 


C| 


Input Capacitance 


3 


5 


3 


5 


Pi= 


All Inputs = OV, Output Open 


Co 


Output Capacitance 


5 


8 


5 


8 


PF 


CS = 5V, All Other Inputs = OV, 
Output Open 



*This parameter is periodically sampled and is not 100% tested. 



TYPICAL CHARACTERISTICS 



«CC VS. TEMPERATURE 



Ice VS. Vcc 



ACCESS TIME VS. TEMPERATURE 



100 






1 




1 1 1 

2115A,211l5A-2 








H 








90 

< 80 

E 
















"~" 


































S 70 
60 


























21 


SAL, 
25AL, 


2115A 
2125A 


.2 
.2 - 










21 


50 
















-* 


















n 


{ 

















10 20 30 40 50 6 
TEMPERATURE (°C) 



100 
90 
< 80 
1 ,0 
60 
50 












^ 














A 


115A, 
125 A, 


2115A 
2125A 


2 
2 


























































A 


115AL 
125AL 


,2115 
,2125 


AL-2 
AL-2 


« 












1 

Ta = 25°C 



Vcc (V) 
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60 






































50 




2 


15AL-2,2115A-2 
25AL-2,2125A-2 " 




^ 


-^ 








*^ 








40 








^■^ 










g 


- 
















t 


30 














^^ 


^ 


' 








^^ 


..---' 










20 


A 






21 


5AL,2115A 












21 


25AL, 


t\l\>k 




























n 














Vcc = 5V 



10 20 30 40 50 60 70 
TEMPERATURE (°C) 



Intel 



2115H, 2125H FAMILY 
HIGH SPEED 1K X 1 BIT STATIC RAM 



HMOS II Technology 

25-35ns Maximum Access Time 

125mA Maximum Ice 

Pin Compatible to 93415A (2115H) and 

93425 A (2125H) 



TTL Inputs and Outputs 

Single +5V Supply 

Uncommitted Collector (2115H) and 
Three-State (2125H) Output 

Standard 16-Pin Dual In-Line Package 




The Intel® 2115H and 2125H families are high-speed, 1024 words by 1 bit random access memories. Both open collector 
(2115H), and three-state output (2125H) are available. The 2115H and 2125H use fully DC stable (static) circuitry 
throughout — in both the array and the decoding and, therefore, require no clocks or refreshing to operate. The data is read 
out non-destructively and has the same polarity as the input data. 

The 2115H and 2125H familiesarefully compatible with 1K Bipolar Static RAMs yet offer significant reductions in power 
The devices are directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. A separate select (CS) 
lead allows easy selection of an individual package when outputs are OR-tied. 

The 2115H and 2125H families are fabricated with Intel's N-channel HMOS H Silicon Gate Technology. 



PIN CONFIGURATION 




LOGIC SYMBOL 





CS 


9lN WE 




A 


1 A 






15 14 


Ao — 






A,— 






A2_ 






A3 — 






A4 — 






A5 — 






Afi — 


10 




A7 — 


11 




As — 


12 




Ag 


13 


7 



PIN 16 
PIN 8 



PIN NAMES 


« 


CHIP SELECT 


A0TOA9 


ADDRESS INPUTS 


WE 


WRITE ENABLE 


D,N 


DATA INPUT 


OOUT 


DATA OUTPUT 



BLOCK DIAGRAM 



SENSE AMPS 

AND 

WRITE 

DRIVERS 



CONTROL 

LOGIC 

(SEE TRUTH 

TABLE) 



rtTTT TTTTT 

Aq a, Aj A3 A, A5 Ag A7 Ag A9 

©0®®® ®@®@@ 



® 



CS WE D,^ 

® @ @ 



TRUTH TABLE 



INPUTS 


OUTPUT 
2115H FAMILY 


OUTPUT 
2125H FAMILY 


MODE 


CS WE D,N 


OoUT 


t^UT 




H X X 


HIGH Z 


HIGH Z 


NOT SELECTED 


L L L 


HIGH Z 


HIGH Z 


WRITE "0" 


L L H 


HIGH Z 


HIGH Z 


WRITE -r- 


L H X 


OoUT 


Dour 


READ 
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■ 



2117 FAMILY 
16,384 X 1 BIT DYNAMIC RAM 





2117-2 


2117-3 


2117-4 


Maximum Access Time (ns) 


150 


200 


250 


Read, Write Cycle (ns) 


320 


375 


410 


Read-Modlfy-Write Cycle (ns) 


330 


375 


475 



Industry Standard 16-Pin Configuration 

±10% Tolerance on All Power Supplies: 

+12V, +5V, -5V 

Low Power: 462mW Max. Operating, 

20mW Max. Standby 

Low Iqq Current Transients 

All Inputs, Including Clocks, 

TTL Compatible 



Non-Latched Output is Three-State, 

TTL Compatible 

RAS Only Refresh 

128 Refresh Cycles 

Required Every 2ms 

Page Mode Capability 

CAS Controlled Output 

Allows Hidden Refresh 



The Intel® 21 17 is a 16,384 word by 1-bit Dynamic MOS RAM fabricated with Intel's standard two layer polysilicon NMOS 
technology — a production proven process for high performance, high reliability, and high storage density. 

The 2117 uses a single transistor dynamic storage cell and advanced dynamic circuitry to achieve high speed with low 
power dissipation. The circuit design minimizes the current transients typical of dynamic RAM operation. These low 
current transients and ±10% tolerance on all power supplies contribute to the high noise immunity of the 21 1 7 in a system 
environment. 

Multiplexing the 14 address bits into the 7 address input pins allows the 21 1 7 to be packaged in the indust ry sta ndard 16-pin 
DIP. The two 7-b it ad dress words are latched into the 2117 by the two TTL clocks, Row Address Strobe (RAS) and Column 
Address Strobe (CAS). Non-critical timing requirements for RAS and CAS allow use of the address multiplexing technique 
while maintaining high performance. 

The 2117 three-state output is con trolle d by CAS, independent of RAS. After a valid read or read-modify-write cycle , data is 
latched on the output by holding CAS low. The data out p in is returned to the high impedance state by re turni ng CAS to 
a high s tate. The 2117 hidden refresh feature allows CAS to be held low to maintain latched data while RAS is used to 
execute RAS-only refresh cycles. 

The single transistor storage cell requires refreshing for data retention. Refreshing is accomplished by performing RAS- 
only refresh cycles, hidden refresh cycles, or normal read or write cycles on the 1 28 address combinations of Ao through Ae 
during a 2ms period. A write cycle will refresh stored data on all bits of the selected row except the bit which Is addressed. 



PIN CONFIGURATION LOGIC SYMBOL 



VbbII 

weC 

RASC 

A2C 

AlC 
VddC 



HVss 
HCAS 
UDout 
IlAg 

3 A3 
DA4 

1A5 

HVcc 



— 


Ao 
Ai 






A2 
A3 


D|N 


— 


A4 




^ 


A5 

Ae 

RAS 

CAS 


DoUT 


— 


WE 





PIN NAMES 



Ao-Ae ADDRESS INPUTS 


WE 


WRITE ENABLE 


CAS COLUMN ADDRESS STROBE 


Vbb 


POWER (-5V) 


D||M DATA IN 


Vcc 


POWER (+5V) 


DouT DATA OUT 


Vdd 


POWER (+12V) 


RAS ROW ADDRESS STROBE 


Vss 


GROUND 



BLOCK DIAGRAM 



128 SENSE AMPLIFIERS 

1 OF 64 COLUMN 

DECODERS 




01 



DATA 
INPUT 
LATCH 



3-64 



2117 FAMILY 



ABSOLUTE MAXIMUM RATINGS* 

AmbientTemperature Under Bias ... -10°Cto+80°C 

Storage Temperature -65°Cto+150°C 

Voltage on Any Pin Relative to Vbb 

(Vss-Vbb>4V) -0.3Vto+20V 

Data Out Current 50mA 

Power Dissipation 1 .OW 



^COMMENT: 

Stresses above those listed under "Absolute Maximum 
Rating 'may cause permanent damage to the device. This 
is a stress rating only and functional operation of the de- 
vice at these or at any other condition above those indi- 
cated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect device reliability. 



I 



D.C. AND OPERATING CHARACTERISTICS^^ ^^ 

Ta = 0°C to 70° C, Vdd = 12V ±10%, Vcc = 5V ±10%, Vbb = -5V ±10%, Vss 



= OV, unless otherwise noted. 





Parameter 


Limits 


Unit 


Test Conditions 




Symbol 


MIn. 


Typ.t^i 


Max. 


Notes 


ulii 


Input Load Current (any input) 




0.1 


10 


mA 


ViN=Vss to 7.0V, Vbb=-5.0V . 




IIloI 


Output Leakage Current for 
High Impedance State 




0.1 


10 


mA 


Chip Deselected: CAS at Vih, 
VouT = to 5.5V 




Iddi 


Vdd Supply Current, Standby 






1.5 


mA 


CAS and RAS at Vih 


4 


Ibbi 


Vbb Supply Current, Standby 




1.0 


50 


mA 






Icci 


Vcc Supply Current, Output 
Deselected 




0.1 


10 


mA 


CAS at Vih 


5 


IdD2 


Vdd Supply Current, Operating 






35 


mA 


2117-2, tRC = 375ns, tpAS = 150ns 


4,6 








35 


mA 


2117-3, tRC = 375ns, tpAS = 200ns 


4 








33 


mA 


2117-4, tRC = 410ns, tRAS = 250ns 


4 


IbB2 


Vbb Supply Current, Operating, 
RAS-Only Refresh, Page Mode 




150 


300 


mA 


Ta = 0°C 




IdD3 


Vdd Supply Current, RAS-Only 
Refresh 






27 


mA 


2117-2, tRC = 375ns, tRAS = 150ns 


4,6 








27 


mA 


2117-3, tRC = 375ns, tRAS = 200ns 


4 








26 


mA 


2117-4, tRC = 410ns, tRAS = 250ns 


4 


IdD5 


Vdd Supply Current, Standby, 
Output Enabled 




1.5 


3 


mA 


CAS at ViL, RAS at Vih 




ViL 


Input Low Voltage (all inputs) 


-1.0 




0.8 


V 






VlH 


Input High Voltage (all inputs) 


2.4 




6.0 


V 






Vol 


Output Low Voltage 






0.4 


V 


lOL = 4.2mA 


4 


VOH 


Output High Voltage 


2.4 






V 


lOH = -5mA 


4 



NOTES: 

1 . All voltages referenced to Vss- 

2. No power supply sequencing is required. However, Vdd, Vcc and Vss should never be more negative than -0.3V with respect to Vbb as 
required by the absolute nnaximum ratings. 

3. Typical values are for Ta = 25° C and nominal supply voltages. 

4. See the Typical Characteristics Section for values of this parameter under alternate conditions. 

5. Ice is dependent on output loading when the device output is selected. Vcc is connected to the output buffer only. Vcc may be reduced 
to Vss without affecting refresh operation or maintenance of internal device data. 

6. For the 2117-2 at tpc = 320ns, tRAS = 150ns, Idd2 max. is 45mA and Idds max. is 31mA. 
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TYPICAL SUPPLY CURRENT WAVEFORMS 



■ 





















^ 











Idd 
(mA) 









LONG RSSyCAS 








' 












j 






























il 









RAS ONLY REFRESH 



^\^ 






^^^^ 

























ffl= 




E 



m 



>BB 
(mA) 



te 



f 



































11 






..A 




-i^iU 




i. 




J\ 






i\ 




■VV 




^>- 




w " 






1 


' 

































:^; 



s 




^t; 



m 



H= 



100 200 300 400 500 100 200 300 400 500 

TIME(ns) TIME(ns) 



700 800 900 



100 200 300 400 500 
TIME(ns) 



Typical power supply cu rrent waveforms vs. time are 
shown for t he RAS/C AS ti ming s of Read/Write, Read/ 
Write (Long RAS/CAS), and RAS-o nly re fresh cycl es. Idd 
and Ibb current transients at the RAS and CAS edges 
require adequate decoupling of these supplies. Decoup- 
ling recommendations are provided in the Applications 
section. 



The effects of cycle time, Vdd supply voltage and ambient 
temperature on the Idd current are shown in graphs 
included in the Typical Characteristics Section. Each 
family of curves for Iddi, Idd2, and Idd3 is related by a 
common pointat Vdd = 12.0V and Ta= 25° C for two given 
tRAS pulse widths. The typical Idd current for a given 
condition of cycle time, Vdd and Ta can be determined by 
combining the effects of the appropriate family of curves. 



CAPACITANCE^'^ 

Ta = 25° C, Vdd = 12V±10%, Vcc = 5V±10%, Vbb = -5V±10%, Vss = OV, unless otherwise specified. 



Symbol 


Parameter 


Typ. 


Max. 


Unit 


Cii 


Address, Data In 


3 


5 


pF 


C|2 


RAS Capacitance, WE Capacitance 


4 


7 


PF 


C(3 


CAS Capacitance 


6 


10 


pF 


Co 


Data Output Capacitance 


4 


7 


pF 



NOTES: 

1. Capacitance measured with Boonton Meter or effective capacitance calculated from the equation: 
C = lAt with AV equal to 3 volts and power supplies at nominal levels. 
AV 
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A.C. CHARACTERISTICS ^^^^^ 

Ta = 0*^0 to 70^ C, Vdd = 12V ±10%, Vcc = 5V ±10%. Vbb = - 
HEAD, WRITE, READ-MODIFY-WRITE AND REFRESH 



5V ±10%, Vss = OV, unless otherwise noted. 
CYCLES 





Parameter 


2117-2 


2117-3 


2117-4 


Unit 




Symbol 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Notes 


tRAC 


Access Time From RAS 


150 


200 


250 


ns 


4,5 


tCAC 


Access Time From CAS 


100 


135 


165 


ns 


4,5,6 


tREF 


Time Between Refresh 


2 


2 


2 


ms 




tRP 


RAS Precharge Time 


100 


120 


150 


ns 




tCPN 


CAS Precharge Time(non-pagecycies) 


25 


25 


25 


ns 




tCRP 


CAS to RAS Precharge Time 


-20 


-20 


-20 


ns 




tRCD 


RAS to CAS Delay Time 


20 


50 


25 


65 


35 


85 


ns 


7 


tRSH 


RAS Hold Time 


100 


135 


165 


ns 




tCSH 


CAS Hold Time 


150 


200 


250 


ns 




tASR 


Row Address Set-Up Time 











ns 




tRAH 


Row Address Hold Time 


20 


25 


35 


ns 




tASC 


Column Address Set-Up Time 


-10 


-10 


-10 


ns 




tCAH 


Column Address Hold Time 


45 


55 


75 


ns 




tAR 


Column Address Hold Time, to RAS 


95 


120 


160 


ns 




tT 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 


8 


tOFF 


Output Buffer Turn Off Delay 





50 





60 





70 


ns 




READ AltD REFRESH CYCLES 


tRC 


Random Read Cycle Time 


320 


375 


410 


ns 




tRAS 


RAS Pulse Width 


150 


10000 


200 


10000 


250 


10000 


ns 




tCAS 


CAS Pulse Width 


100 


10000 


135 


10000 


165 


10000 


ns 




tRCS 


Read Command Set-Up Time 











ns 




tRCH 


Read Command Hold Time 











ns 




WRITE CYCLE 


tRC 


Random Write Cycle Time 


320 


375 


410 


ns 




tRAS 


RAS Pulse Width 


150 


10000 


200 


10000 


250 


10000 


ns 




tCAS 


CAS Pulse Width 


100 


10000 


135 


10000 


165 


10000 


ns 




twos 


Write Command Set-Up Time 


-20 


-20 


-20 


ns 


9 


twCH 


Write Command Hold Time 


45 


55 


75 


ns 




tWCR 


Write Command Hold Time, to RAS 


95 


120 


160 


ns 




tWP 


Write Command Pulse Width 


45 


55 


75 


ns 




tRWL 


Write Command to RAS Lead Time 


60 


80 


100 


ns 




tCWL 


Write Command to CAS Lead Time 


60 


80 


100 


ns 




tDS 


Data-in Set-Up Time 











ns 




tDH 


Data-in Hold Time 


45 


55 


75 


ns 




tDHR 


Data-in Hold Time, to RAS 


95 


120 


160 


ns 




READ-MODIFY-WRITE CYCLE 


tRWC 


Read-Modify-Write Cycle Time 


330 


375 


475 


ns 




tRRW 


RMW Cycle RAS Pulse Width 


185 


10000 


245 


10000 


305 


10000 


ns 




tCRW 


RMW Cycle CAS Pulse Width 


135 


10000 


180 


10000 


230 


10000 


ns 




tRWD 


RAS to WE Delay 


120 


160 


200 


ns 


9 


tCWD 


CAS to WE Delay 


70 


95 


125 


ns 


9 



■ 



Notes: See following page for A.G. Characteristics Notes. 
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WAVEFORMS 

READ CYCLE 

(?) tCRP 1 




VOH 

Vol" 



IMPEDANCE 



1'2. V,H MIN AND V|L MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3A Vqh MIN AND Vol max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Dqut- 

5. toFF IS MEASURED TO Iqut < I'lo I- 

6. tDS AND tDH ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST. 

7. tRCH IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST. 

8. tcRP REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS- 
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 



A.C. CHARACTERISTICS NOTES (From Previous Page) 

7. tRCD (max.) is specified as a reference point only; if tpcD is less 



1. All voltages referenced to Vss- 

2. Eight cycles are require d afte r pdwer-up or prolonged periods 
(greater than 2ms) of RAS inactivity before proper device 
operation is achieved. Any 8 cycles which perform refresh are 
adequate for this purpose. 

3. A.C. Characteristics assume tT = 5ns. 

4. Assume that tRCD < tpcD (max.). If tRCD is greater than tecD 
(max.) then tRAC will increase by the amount that tRCD exceeds 
tRCD (max.). 

5. Load = 2 TTL loads and 100pF. 

6. Assumes tpcD ^ tRCD (max.). 



than tRCD (max.) access time is tpAC, if tRCD is greater than tRCD 
(max.) access time is tRCD + tcAC- 

8. tT is measured between Vih (min.) and Vil (max.). 

9. twcs, tcwD and tRWD are specified as reference points only. If 
twcs ^ twcs (min.) the cycle is an early write cycle and the data 
out pin will remain high impedance throughout the entire 
cycle. If tcwD ^ tcwD (min.) and tRWD ^ tRWD (min.), the cycle is 
a read-mod if y-write cycle and the data out will contain the data 
read from the selected address. If neither of the above 
conditions is satisfied, the condition of the data out is 
indeterminate. 
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WAVEFORMS 

READ-MODI FY-WRITE CYCLE 



ADDRESSES 



°-N V," 



®S.0 
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■* »--tCAH 
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\ I 



k ® 



\''(J) DATA IN %/ 
/S ^^ VALID A 



® 



I 



® 



RAS-ONLY REFRESH CYCLE 



ADDRESSES 




•• — tcRp (s) 



v„-_Ji®-^^^22 X 



\ 



HIDDEN REFRESH CYCLE 



ADDRESSES 




'\^^/ k 



■* — »4-tf 



; A A ADDRESS A A address a 



tRAS »■ h« tRP 



NOTES: 1,2. V,h min AND V,l max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3,4. Vqh min and Vol max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Dqut- 

5. toFF IS MEASURED TO Iqut < I'lo !• 

6. tDS AND tDH ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST. 

7. tRCH IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST. 
S.tcRP REQUIREMENT iS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS- 

ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 
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TYPICAL CHARACTERISTICS 



[1] 



GRAPH 1 

TYPICAL ACCESS TIME 

tRAC (NORMALIZED) VS. Vqd 



GRAPH 2 

TYPICAL ACCESS TIME 

tRAC (NORMALIZED) VS. Vbb 



GRAPH 3 

TYPICAL ACCESS TIME 

tRAC (NORMALIZED) VS. Vqc 
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GRAPH 4 

TYPICAL ACCESS TIME 

tRAC (NORMALIZED) VS. 

AMBIENT TEMPERATURE 



GRAPH 5 

TYPICAL STANDBY CURRENT 

Iddi VS.Vdd 



GRAPH 6 

typical standby current 
Iddi vs. ambient temperature 
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GRAPH 7 

TYPICAL OPERATING CURRENT 

IdD2 vs. tRc 
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GRAPH 8 

TYPICAL OPERATING CURRENT 

'DD2 VS. VpD 




400 600 800 1000 10 11 12 

tRc - CYCLE TIME (ns) Vdd - SUPPLY VOLTAGE (VOLTS) 

NOTES: See following page for Typical Characteristics Notes. 
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GRAPH 9 

TYPICAL OPERATING CURRENT 

Idd2 vs. ambient TEMPERATURE 
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TYPICAL CHARACTERISTICS 



[1] 



GRAPH 10 

TYPICAL RAS ONLY 

REFRESH CURRENT 

'DDSVS.tRc 
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GRAPH 11 

TYPICAL RAS ONLY 

REFRESH CURRENT 

"DDSVS.Vdd 
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GRAPH 12 

TYPICAL RAS ONLY 

REFRESH CURRENT 

IdD3 vs. ambient TEMPERATURE 
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GRAPH 13 

TYPICAL PAGE MODE CURRENT 

lDD4VS.tpc 
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GRAPH 14 

TYPICAL PAGE MODE CURRENT 

IdD4 VS.Vqd 
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GRAPH 15 

typical page mode current 
Idd4 vs. ambient temperature 
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GRAPH 16 

TYPICAL OUTPUT SOURCE CURRENT 

JOH VS. OUTPUT VOLTAGE Vqh 
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GRAPH 17 

typical output sink current 
Iql vs. output voltage Vol 
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NOTES: 

1. The cycle time, Vpp supply voltage, and 
ambient temperature dependence of IpDI/ 
'DD2' 'DD3 3"<^ 'DD4 'S shown in related 
graphs. Common points of related curves 
are indicated: 

• Iddi @ Vdd = 13.2V, Ta = o°c 

■ IDD2 0'' lDD3@tRAS= 200ns, tRc = 

375ns, Vdd = 12.0V, Ta = 25°C 
▲ IDD2 0'' IdD3@ tRAS= 500ns, tRc = 

750ns, Vdd = 12.0V, Ta = 25°C 
D I DD4 @ tc AS = 135ns, tpc = 225ns, 

Vdd= 12.0V, Ta = 25° C 
A I DD4 @ tcAS = 350ns, tpc = 500ns, 

Vdd= 12.0V,Ta = 25°C 
The typical Idd current for a given com- 
bination of cycle time, Vdd supply 
voltage and ambient temperature may be 
determined by combining the effects of 
the appropriate family of curves. 
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D.C. AND A.C. CHARACTERISTICS, PAGE MODE^^^^^^ 

Ta = 0°C to 70°C, Vdd = 12V±10%, Vcc = 5V±10%, Vbb = -5V±10%, Vss 
For Page Mode Operation order 2117-2 S6053, 2117-3 S6054, or 2117-4 S6055. 



■■ OV, unless otherwise noted. 



■ 





Parameter 


2117-2 
S6053 


2117-3 
S6054 


2117-4 
S6055 


Unit 




Symbol 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Notes 


tpc 


Page Mode Read or Write Cycle 


170 




225 




275 




ns 




tPCM 


Page Mode Read Modify Write 


205 




270 




340 




ns 




tCP 


CAS Precharge Time, Page Cycle 


60 




80 




100 




ns 




tRPM 


RAS Pulse Width, Page Mode 


150 


10,000 


200 


10,000 


250 


10,000 


ns 




tCAS 


CAS Pulse Width 


100 


10,000 


135 


10,000 


165 


10,000 


ns 




IdD4 


Vdd Supply Current Page Mode, 
Minimum tpc, Minimum tcAS 




38 




30 




26 


mA 


9 



WAVEFORMS 

PAGE IVIODE READ CYCLE 




ADDRESSES 



NOTES: 1,2. V,h min AND V,l max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3A Vqh min and Vol max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Dqut- 
B.toFF ISMEASUREDTOIouT< ilLOl. 

6. tRCH IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST. 

7. ALL VOLTAGES REFERENCED TO Vss- 

8. AC CHARACTERISTIC ASSUME tj = 5ns. 

9. SEE THE TYPICAL CHARACTERISTICS SECTION FOR VALUES OF THIS PARAMETER 
UNDER ALTERNATE CONDITIONS. 

10. tcRP REQUIREMENT IS ONLY APPLICABLE_FpR RAS/CAS CYCLES PRECEEDED BY A CAS- 
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 

11. ALL PREVIOUSLY SPECIFIED A.C. AND D.C. CHARACTERISTICS ARE APPLICABLE TO THEIR 
RESPECTIVE PAGE MODE DEVICE (i.e., 2117-3, S6054 WILL OPERATE AS A 2117-3). 



3-72 



2117 FAMILY 



PAGE MODE WRITE CYCLE 



V,Hc (1) 

V|L (D 

QtCRP-^ 



: V,HC "jf 



ADDRESSES 



-Ur- 



SV 



CD- 



ROW 
ADD 



(D 



n 



® 



- tcSH 



J"^ 



ktcp-^ 



.f-^. J % 



-*- ■ ^ASC 



Usc- 



COL ■ 
ADD 



X 



,© 



^^A VALID '7 ^^ 

^^® DATA ,;, ^^ 



- ^CAS - 






^CAH 



\% J \ J ' ,^s. ,/ 




-tpSH- 
-tCAS- 



-,, 4j f° Tf\ 



-tcWL 



-^DH- 



^^^ VALID ^^ 

,h2c E^I^ a^ 



-tRP— ^ 
-tCPN 



I 



PAGE MODE READ-MODIFY-WRITE CYCLE 



© 



ADDRESSES 




NOTES: 1,2. V,h min AND V|l max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3A Vqh min and Vol max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Dqut- 

5. toFF IS MEASURED TO Iqut < |Ilo I- 

6. tDS AND tDH ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST. 

7. tcRP REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS- 
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 
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APPLICATIONS 

READ CYCLE 

A Read cycle is p erformed b y maintaining Write Enable 
(WE) high during a RAS/CAS operation. The output pin of 
a selected device will remain In a high impedance state 
until valid data appears at the output at access time. 

Device access time, tACC, is the longer of the two 
calculated intervals: 

1 . tACC = tRAC OR 2. tACC = tRCD + tCAC 

Access time from RAS, tpAC, and access time from CAS, 
tcAC, are device parameters. Row to column address 
strobe delay time, tRCD, are system dependent timing 
parameters. For example, substituting the device para- 
meters of the 2117-3 yields: 

3. tACC = tRAC = 200nsec for 25nsec <tRCD <65nsec 

OR 

4. tACC = tRCD + tcAC = tRCD + 135 for tRCD > 65nsec 
Note that if 25nsec <tRCD <65nsec device access time is 
determined by equation 3 and is equal to tRAC- If tRCL 
>65nsec, access time is determined by equation 4. This 
40nsec interval (shown in the tRC D ine quality in equation 3) 
in which the falling edge of CAS can occur without 
affecting access time is provid ed to allow for system 
timing skew in the generation of CAS. 

REFRESH CYCLES 

Each of the 1 28 rows of the 2117 must be refreshed every 2 
milliseconds to maintain data. Any memory cycle: 

1. Read Cycle 

2. Write Cycle (Early Write, Delayed Write or Read- 
Mod ify-Write) 

3. RAS-only Cycle 

refres hes the selected row as defined by the low order 
(RAS) addresses. Any Write cycle, of course, may change 
the state of the selected cell. Using a Read, Write, or Read- 
Modify-Write cycle for refresh is not recommended for 
systems which utilize "wire-OR" outputs since output bus 
contention will occur. 

A RAS-only refresh cycle is the recommended tech nique 
for most applications to provide for data retention. A RAS- 
only refresh cycle maintains the Dout in the high 
impedance state with a typical power reduction of 20% 
over a Read or Write cycle. 

RAS/CAS TIMING 

RAS and CAS have minimum pulse widths as defined by 
tRAS and tcAS respectively. These minimum pulse widths 
must be maintained for proper device o perat ion and data 
integrity. A cycle, once begun by driving RAS and/or CAS 
low must not be ended or aborted prior to fulfilling the 
minimum clock signal pulse width(s). A new cycle can not 
begin until the minimum precharge time, tRp, has been 
met. 



DATA OUTPUT OPERATION 

The 2117 Data Output (D qut), which has t hree-state 
capab ility. Is controlled by CAS. During CAS high state 
(CAS at Vih) the output is In the high impedance state. The 
following table summarizes the Dout state for various 
types of cycles. 

Intel 2117 Data Output Operation 
for Various Types of Cycles 



Type of Cycle 


Dout State 


Read Cycle 


Data From Addressed 




Memory Cell 


Early Write Cycle 


Hl-Z 


RAS-Only Refresh Cycle 


Hl-Z 


CAS-Only Cycle 


Hl-Z 


Read/Modify/Write Cycle 


Data From Addressed 




Memory Cell 


Delayed Write Cycle 


Indeterminate 



HIDDEN REFRESH 

A feature of the 2117 is that refresh cycles may be 
performed while maintaining valid data at the output pin. 
This feature is referred to as Hi dden Refresh. Hidden 
Refresh is performed by holding CAS at Vil and taking 
RAS high a nd af ter a specified precharge pe riod (tRp), 
executing a "RAS-Only" refresh cycle, but with CAS held 
low (see Figure below). 



_IVIEMORY_ 
CYCLE 



^ 1_^~\ 



REFRESH 
" CYCLE ~ 



\ 



>- 



This feature allows a refresh cycle to be "hidden" among 
data cycles without affecting the data availability. 

POWER ON 

The 2117 requires no power on sequence providing 
absolute maximum ratings are not exceeded. After the 
application of supply voltages or after extended periods of 
bias (greater than 2 milliseconds) without clocks, the 
device must perform a minimum of eight i nitiali zation 
cycles (a ny co mbination of cycles containing a RAS clock, 
such as RAS-Only refresh) prior to normal operation. 
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POWER SUPPLY DECOUPLING/DISTRIBUTION 

It is recommended that a 0.1 )uF ceramic capacitor be 
connected between Vdd and Vss at every other device in 
the memory array. A 0.1 juF ceramic capacitor should also 
be connected between Vbb and Vss at every other device 
(preferably the alternate devices to the Vdd decoupling). 
For each 16 devices, a 10/xF tantalum or equivalent 
capacitor should be connected between Vdd and Vss near 
the array. An equal or slightly smaller bulk capacitor is 
also recommended between Vbb and Vss for every 32 
devices. 

The Vcc supply is connected only to the 2117 output 
buffer and is not used internally. The load current from the 
Vcc supply is dependent only upon the output loading and 



is associated with the input high level current to a TTL gate 
and the output leakage currents of any OR-tied 2117's 
(typically lOOjuA or less total). Intel recommends that a 0.1 
or 0.01 juF ceramic capacitor be connected between Vcc 
and Vss for every eight memory devices. 

Due to the high frequency characteristics of the current 
waveforms, the inductance of the power supply distribu- 
tion system on the array board should be minimized. It is 
recommended that the Vdd, Vbb, and Vss supply lines be 
gridded both horizontally and vertically at each device in 
the array. This technique allows use of double sided 
circuit boards with noise performance equal to or better 
than multi-layered circuit boards. 



■ 






























CASab 

A6AB 

A5AB 

A4AB 

ASAB 

A2AB 

AlAB 

Aqab 




DECOUPLING CAPACITORS 

D = o.imF to Vdd to Vss 

B^O.ImFVbbTOVss 

c = o.oijuF Vcc to Vss 



SAMPLE P.C. BOARD LAYOUT EMPLOYING VERTICAL 
AND HORIZONTAL GRIDDING ON ALL POWER SUPPLIES. 

BOARD ORGANIZATION: 64K WORDS BY 8-BITS. 



64K BYTE STORAGE ARRAY LAYOUT 
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2117-5 
16,384 X 1 BIT DYNAMIC RAM 





2117-5 


Maximum Access Time (ns) 


3d0 


Read, Write Cycle (ns) 


490 


Read-Modify-Write Cycle (ns) 


580 



Industry Standard 16-Pin Configuration 
Low Power: 462mW IVIax. Operating, 

20mW l^ax. Standby 
Low Iqp Current Transients 
All Inputs, Including Clocks, 
TTL Compatible 
RAS Only Refresh 



Non-Latched Output is Three-State, 

TTL Compatible 

128 Refresh Cycles 

Required Every 2ms 

Page IVIode Capability 

CAS Controlled Output 

Allows Hidden Refresh 



The Intel® 2117 is a 16,384 word by 1-bit Dynamic MOS RAM fabricated with Intel's standard two layer polysilicon NMOS 
technology — a production proven process for high performance, high reliability, and high storage density. 

The 2117 uses a single transistor dynamic storage cell and advanced dynamic circuitry to achieve high speed with low 
power dissipation. The circuit design minimizes the current transients typical of dynamic RAM operation. These low 
current transients contribute to the high noise immunity of the 2117 in a system environment. 

Multiplexing the 14 address bits into the 7 address input pins allows the 21 1 7 to be packaged in the indust ry sta ndard 1 6-pin 
DIP. The two 7-b it ad dress words are latched into the 21 1 7 by the two TTL clocks, Row Address Strobe (RAS) and Column 
Address Strobe (CAS). Non-critical timing requirements for RAS and CAS allow use of the address multiplexing technique 
while maintaining high performance. 

The 21 1 7 three-state output is con trolle d by CAS, independent of RAS. After a valid read or read-modify-write cycle , data is 
latched on the output by holding CAS low. The data out p in is returned to the high impedance state by re turni ng CAS to 
a high st ate. The 2117 hidden refresh feature allows CAS to be held low to maintain latched data while RAS is used to 
execute RAS-only refresh cycles. 

The single transistor storage cell requires refreshing for data retention. Refreshing is accomplished by performing RAS- 
only refresh cycles, hidden refresh cycles, or normal read or write cycles on the 1 28 address combinations of Ao through Ae 
during a 2ms period. A write cycle will refresh stored data on all bits of the selected row except the bit which is addressed. 



PIN CONFIGURATION LOGIC SYMBOL 



BLOCK DIAGRAM 



VbbC 
d.nH 

RASC 
AoC 

AiC 
VddC 



DVss 

DCAS 
HDqut 

I] As 
DA3 

3\ 
Has 
Hvcc 





Ao 






Ai 






A2 
A, 


D|N 




A4 






A5 

Ae 

RAS 


DOUT 




CAS 






WE 





PIN NAMES 



Ao-Ae ADDRESS INPUTS 


WE 


WRITE ENABLE 


CAS COLUMN ADDRESS STROBE 


Vbb 


POWER (-5V) 


D,N DATA IN 


Vcc 


POWER (+5V) 


DouT DATA OUT 


Vdd 


POWER (+12V) 


RAS ROW ADDRESS STROBE 


Vss 


GROUND 
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ABSOLUTE MAXIMUM RATINGS'^ 

Ambient Temperature Under Bias ... -10°Cto+80°C 

Storage Temperature -65°Cto+150°C 

Voltage on Any Pin Relative to Vbb 

(Vss-Vbb>4V) -0.3Vto+20V 

Data Out Current 50mA 

Power Dissipation LOW 



*COMMENT: 

Stresses above those listed under 'Absolute Max/mum 
Rating" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the de- 
vice at these or at any other condition above those indi- 
cated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect device reliability. 



I 



D.C. AND OPERATING CHARACTERISTICS^^ ^^ 

Ta = 0°C to 70°C, Vdd = 12V ±5%, Vcc = 5V ±10%, Vbb = -5V ±10%, Vss = OV, unless otherwise noted. 





Parameter 


Limits 


Unit 


Test Conditions 




Symbol 


Min. 


Typ.f3! 


Max. 


Notes 


IlLlI 


Input Load Current (any input) 




0.1 


10 


mA 


V|N=VSS to VlHMAX. VbB=-5.0V 




IlLOl 


Output Leakage Current for 
High Impedance State 




0.1 


10 


mA 


Chip Deselected: CAS at Vih, 
VouT = to 5.5V 




Iddi 


Vdd Supply Current, Standby 






1.5 


mA 


CAS and RAS at Vih 


4 


Ibbi 


Vbb Supply Current, Standby 




1.0 


50 


mA 






Icci 


Vcc Supply Current, Output 
Deselected 




0.1 


10 


mA 


CAS at Vih 


5 


IdD2 


Vdd Supply Current, Operating 






35 


mA 


2117, tRc = 490ns, tRAS = 300ns 


4 


IbB2 


Vbb Supply Current, Operating, 
RAS-Only Refresh, Page Mode 




150 


400 


mA 


Ta = 0°C 




IdD3 


Vdd Supply Current, RAS-Only 
Refresh 






27 


mA 


2117, tRc = 490ns, tRAS = 300ns 


4 


IdD5 


Vdd Supply Current, Standby, 
Output Enabled 




1.5 


3 


mA 


CAS at ViL, RAS at Vih 




ViL 


Input Low Voltage (all inputs) 


-1.0 




0.8 


V 






VlH 


Input High Voltage (all inputs) 


2.4 




6.0 


V 






Vol 


Output Low Voltage 






0.4 


V 


lOL = 4.2mA 


4 


VOH 


Output High Voltage 


2.4 






V 


lOH = -5mA 


4 



NOTES: 

1. All voltages referenced to Vss- 

2. No power supply sequencing is required. However, Vdd, Vcc and Vss should never be more negative than -0.3V with respect to Vbb as 
required by the absolute maximum ratings. 

3. Typical values are for T^ = 25*0 and nominal supply voltages. 

4. See the Typical Characteristics Section for values of this parameter under alternate conditions. 

5. Ice is dependent on output loading when the device output is selected. Vcc is connected to the output buffer only. Vcc may be reduced 
to Vss without affecting refresh operation or maintenance of internal device data. 
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TYPICAL SUPPLY CURRENT WAVEFORMS 
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Typical power supply cu rrent waveforms vs. time are 
shown for t he RAS/C AS ti ming s of Read/Write, Read/ 
Write (Long RAS/CAS), and RAS-o nly re fresh cyc les. Idd 
and Ibb current transients at the RAS and CAS edges 
require adequate decoupling of these supplies. Decoup- 
ling recommendations are provided in the Applications 
section. 



The effects of cycle time, Vdd supply voltage and ambient 
temperature on the Idd current are shown in graphs 
included in the Typical Characteristics Section. Each 
family of curves for Iddi, Idd2, and Idd3 is related by a 
common point at Vdd = 1 2.0V and Ta = 25° C for two given 
tRAS pulse widths. The typical Idd current for a given 
condition of cycle time, Vdd and Ta can be determined by 
combining the effects of the appropriate family of curves. 



CAPACITANCE^'^ 

Ta = 25° 0, Vdd = 12V±5%, Vcc = 5V±10%, Vbb = 



-5V±10%, Vss = OV, unless otherwise specified. 



Symbol 


Parameter 


Typ. 


Max. 


Unit 


Cm 


Address, Data In 


3 


5 


PF 


Cl2 


RAS Capacitance, WE Capacitance 


4 


7 


PF 


Cl3 


CAS Capacitance 


6 


10 


pF 


Co 


Data Output Capacitance 


4 


7 


pF 



NOTES: 

1. Capacitance measured with Boonton Meter or effective capacitance calculated from the equation: 
C = lAt with AV equal to 3 volts and power supplies at nominal levels. 
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A.C. CHARACTERISTICS'^ 2^' 

Ta = 0°C to TCC, Vdd = 12V ±5%, Vcc = 5V ±10%, Vbb = -5V ±10%, Vss = OV, unless otherwise noted. 
READ, WRITE, READ-MODIFY-WRITE AND REFRESH CYCLES 





Parameter 


2117 


Unit 




Symbol 


Min. 


Max. 


Notes 


tRAC 


Access Time From RAS 


300 


ns 


4,5 


tCAC 


Access Time From CAS 


180 


ns 


4,5,6 


tREF 


Time Between Refresh 


2 


ms 




tRP 


RAS Precharge Time 


180 


ns 




tCPN 


CAS Precharge Time(non-pagecycles) 


80 


ns 




tCRP 


CAS to RAS Precharge Time 


-20 


ns 




tRCD 


RAS to CAS Delay Time 


80 


120 


ns 


7 


tRSH 


RAS Hold Time 


180 


ns 




tCSH 


CAS Hold Time 


300 


ns 




tASR 


Row Address Set-Up Time 





ns 




tRAH 


Row Address Hold Time 


80 


ns 




tASC 


Column Address Set-Up Time 





ns 




tCAH 


Column Address Hold Time 


80 


ns 




tAR 


Column Address Hold Time, to RAS 


215 


ns 




tT 


Transition Time (Rise and Fall) 


3 


50 


ns 


8 


tOFF 


Output Buffer Turn Off Delay 





80 


ns 




READ AND REFRESH CYCLES 


tRC 


Random Read Cycle Time 


490 


ns 




tRAS 


RAS Pulse Width 


300 


10000 


ns 




tCAS 


CAS Pulse Width 


180 


10000 


ns 




tRCS 


Read Command Set-Up Time 





ns 




tRCH 


Read Command Hold Time 





ns 




WRITE CYCLE 


tRC 


Random Write Cycle Time 


490 


ns 




tRAS 


RAS Pulse Width 


300 


10000 


ns 




tCAS 


CAS Pulse Width 


180 


10000 


ns 




twcs 


Write Command Set-Up Time 





ns 


9 


tWCH 


Write Command Hold Time 


100 


ns 




twCR 


Write Command Hold Time, to RAS 


215 


ns 




twp 


Write Command Pulse Width 


100 


ns 




tRWL 


Write Command to RAS Lead Time 


130 


ns 




tCWL 


Write Command to CAS Lead Time 


130 


ns 




tDS 


Data-in Set-Up Time 





ns 




tDH 


Data-in Hold Time 


80 


ns 




tDHR 


Data-in Hold Time, to RAS 


215 


ns 




READ-MOC 


MFY-WRITE CYCLE 








tRWC 


Read-Modify-Write Cycle Time 


580 


ns 




tRRW 


RMW Cycle RAS Pulse Width 


390 


10000 


ns 




tCRW 


RMW Cycle CAS Pulse Width 


275 


10000 


ns 




tRWD 


RAS to WE Delay 


260 


ns 


9 


tCWD 


CAS to WE Delay 


140 


ns 


9 



I 



Notes: See following page for A.C. Characteristics Notes. 
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1,2. V,H iviiN AND V|L max are REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3,4. VoH MiN AND Vol max are REFERENCE LEVELS FOR MEASURING TIMING OF Dqut- 

5. toFF IS MEASURED TO Iqut < I'lo I- 

6. tDS AND tDH ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST. 

7. tRCH IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST. 

8. tcRP REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS- 
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 



A.C. CHARACTERISTICS NOTES (From Previous Page) 



1. All voltages referenced to Vss- 

2. Eight cycles are require d afte r power-up or prolonged periods 
(greater than 2ms) of RAS inactivity before proper device 
operation is achieved. Any 8 cycles which perform refresh are 
adequate for this purpose. 

3. A.C. Characteristics assume tT = 5ns. 

4. Assume that tRCD < tRCD (max.). If tRCD is greater than tRCD 
(max.) then tRAC will increase by the amount that tpcD exceeds 
tRCD (max.). 

5. Load = 2 TTL loads and 100pF. 

6. Assumes tRCD ^ tRCD (max.). 



7. tRCD (max.) is specified as a reference point only; if tRCD is less 
than tRCD (max.) access time is tpAC, if tRCD is greaterthan tRCD 
(max.) access time is tRCD + tcAC- 

8. tT is measured between Vih (min.) and Vil (max.). 

9. twcs, tcwD and tRWD are specified as reference points only. If 
twcs ^ twcs (min.) the cycle is an early write cycle and the data 
out pin will remain high impedance throughout the entire 
cycle. If tcwD ^ tcwD (min.) and tRWD > tRWD (min.), the cycle is 
a read-modify-write cycle and the data out will contain the data 
read from the selected address. If neither of the above 
conditions is satisfied, the condition of the data out is 
indeterminate. 
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WAVEFORMS 

READ-MODIFY-WRITE CYCLE 
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RAS-ONLY REFRESH CYCLE 
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*ASR — p »■ 
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NOTES: 1,2. V,h min AND V,l max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3A VoH MIN AND Vol MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF Dqut- 

5. toFF ISMEASUREDTOIouT< I'loI- 

6. tos AND tDH ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST. 

7. tRCH IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST. 

8. tcRP REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS- 
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 
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TYPICAL CHARACTERISTICS 



[1] 



GRAPH 1 

TYPICAL ACCESS TIME 

tRAc (NORMALIZED) VS. Vpo 



GRAPH Z 

TYPICAL ACCESS TIME 

tRAC (NORMALIZED) VS. Vbb 



GRAPH 3 

TYPICAL ACCESS TIME 

tRAC (NORMALIZED) VS. Vqc 
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GRAPH 4 

TYPICAL ACCESS TIME 

tRAC (NORMALIZED) VS. 

AMBIENT TEMPERATURE 



GRAPH 5 

typical standby current 
Iddi vs. Vdd 



GRAPH 6 

typical standby current 
Iddi vs. ambient temperature 
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GRAPH 7 

TYPICAL OPERATING CURRENT 

'DD2 VS.tRc 
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GRAPH 8 
TYPICAL OPERATING CURRENT 

'dd2 VS. Vdd 
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NOTES: See following page for Typical Characteristics Notes. 
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GRAPH 9 

TYPICAL OPERATING CURRENT 

IdD2 vs. ambient TEMPERATURE 
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TYPICAL CHARACTERISTICS 



[1] 



GRAPH 10 

TYPICAL RAS ONLY 

REFRESH CURRENT 

'DDSVS.tRc 
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GRAPH n 

TYPICAL RAS ONLY 

REFRESH CURRENT 

'DDSVS.Vdd 
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GRAPH 12 

typical ras only 

refresh current 

•dd3 vs. ambient temperature 
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GRAPH 13 

TYPICAL PAGE MODE CURRENT 

'DD4 VS. tpc 



GRAPH 14 
TYPICAL PAGE MODE CURRENT 

•dd4 VS. Vdd 



GRAPH 15 

TYPICAL PAGE MODE CURRENT 

IdD4 vs. AMBIENT TEMPERATURE 
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GRAPH 16 

typical output source current 
Iqh vs. output voltage Vqh 
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GRAPH 17 

TYPICAL OUTPUT SINK CURRENT 

Iql vs. OUTPUT VOLTAGE Vql 
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NOTES: 

1. The cycle time, Vdd supply voltage, and 
ambient temperature dependence of I ddi » 
'DD2' 'DD3 3"d IdD4 is shown in related 
graphs. Common points of related curves 
are indicated: 

• Iddi @ Vdd = 12.6V, Ta = o°c 

■ IdD2 or IdD3@ tRAS = 300ns, tRc = 
490ns, Vdd = 12.0V, Ta = 25°C 

▲ IdD2 or IdD3@ tRAS = 500ns, tRc = 

750ns, Vdd = 12.0V, Ta = 25°C 
D I DD4 @ tCAS = 180ns, tpc = 31 0ns, 

Vdd = 12.0V, Ta = 25°C 
A I DD4 @ tcAS = 350ns, tpc = 500ns, 

Vdd= 12.0V, Ta = 25°C 
The typical I dd current for a given com- 
bination of cycle time, Vdd supply 
voltage and ambient temperature may be 
determined by combining the effects of 
the appropriate family of. curves. 
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D.C. AND A.C. CHARACTERISTICS, PAGE MODE^^^^^^ 

Ta = 0°C to 70° C, Vdd = 12V ±5%, Vcc = 6V ±10%, Vbb = -5V ±10%, Vss 
For Page Mode Operation order 2117 S6117. 



■■ OV, unless otherwise noted. 



I 





Parameter 


2117-5 
S6117 


Unit 




Symbol 


Min. 


Max. 


Notes 


tPC 


Page Mode Read or Write Cycle 


310 




ns 




tPCM 


Page Mode Read Modify Write 


405 




ns 




tCP 


CAS Precharge Time, Page Cycle 


120 




ns 




tRPM 


RAS Pulse Width, Page Mode 


300 


10,0.00 


ns 




tCAS 


CAS Pulse Width 


180 


10,000 


ns 




!DD4 


Vdd Supply Current Page Mode, 
Minimum tpc, Minimum tcAS 




26 


mA 


9 



WAVEFORMS 

PAGE MODE READ CYCLE 




NOTES: 1,2. V|h min AND V,l max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3A Vqh min and Vol max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Dqut- 

5. toFF ISMEASUREDTO loUT <- IIloI- 

6. tRCH IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST. 

7. ALL VOLTAGES REFERENCED TO Vss- 

8. AC CHARACTERISTIC ASSUME tj = 5ns. 

9. SEE THE TYPICAL CHARACTERISTICS SECTION FOR VALUES OF THIS PARAMETER 
UNDER ALTERNATE CONDITIONS. 

10. tcRP REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS- 
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 

11. ALL PREVIOUSLY SPECIFIED A.C. AND D.C. CHARACTERISTICS ARE APPLICABLE TO THEIR 
RESPECTIVE PAGE MODE DEVICE (i.e., 2117-5, 86117 WILL OPERATE AS A 2117-5). 
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PAGE MODE WRITE CYCLE 
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PAGE MODE READ-MODIFY-WRITE CYCLE 



® 



ADDRESSES 




NOTES: 1,2. V,h min AND V,l max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3,4. Vqh min and Vol max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Dqut- 

5. toFF IS MEASURED TO Iqut < |Ilo I- 

6. tDS AND tDH ARE REFERENCED TO CAS OR WI, WHICHEVER OCCURS LAST. 

7. tcRP REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS- 
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 
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APPLICATIONS 

READ CYCLE 

A Read cycle is p erformed b y maintaining Write Enable 
(WE) high during a RAS/CAS operation. The output pin of 
a selected device will remain in a high impedance state 
until valid data appears at the output at access time. 

Device access time, tACC, Is the longer of the two 
calculated intervals: 

1. tACC = tRAC OR 2. tACC = tRCD + tCAC 

Access time from RAS, tRAC, and access time from CAS, 
tcAC, are device parameters. Row to column address 
strobe delay time, tRCD, are system dependent timing 
parameters. For example, substituting the device para- 
meters of the 2117 yields: 

3. tACC = tRAC = 300nsec for SOnsec <tRCD <120nsec 

OR 

4. tACC = tRCD + tcAC = tRCD + 180 for tRCD > 120nsec 
Note that if SOnsec <tRCD <120nsec device access time is 
determined by equation 3 and is equal to tpAC- If tpcD 
>120nsec, access time Is determined by equation 4. This 
40nsec interval (shown in the tRC D ine quality in equation 3) 
in which the falling edge of CAS can occur without 
affecting access time is provid ed to allow for system 
timing skew In the generation of CAS. 

REFRESH CYCLES 

Each of the 1 28 rows of the 21 1 7 must be refreshed every 2 
milliseconds to maintain data. Any memory cycle: 

1. Read Cycle 

2. Write Cycle (Early Write, Delayed Write or Read- 
Modlfy-Write) 

3. RAS-only Cycle 

refres hes the selected row as defined by the low order 
(RAS) addresses. Any Write cycle, of course, may change 
the state of the selected cell. Using a Read. Write, or Read- 
Modify-Write cycle for refresh is not recommended for 
systems which utilize "wire-OR" outputs since output bus 
contention will occur. 

A RAS-only refresh cycle is the recommended tech nique 
for most applications to provide for data retention. A RAS- 
only refresh cycle maintains the Dout in the high 
Impedance state with a typical power reduction of 20% 
over a Read or Write cycle. 

RAS/CAS TIMING 

RAS and CAS have minimum pulse widths as defined by 
tRAS and tcAS respectively. These minimum pulse widths 
must be maintained for proper device o perat ion and data 
Integrity. A cycle, once begun by driving RAS and/or CAS 
low must not be ended or aborted prior to fulfilling the 
minimum clock signal pulse width(s). A new cycle can not 
begin until the minimum precharge time, tRp, has been 
met. 



DATA OUTPUT OPERATION 

The 2117 Data Output (D qut), which has t hree-state 
capab ility, is controlled by CAS. During CAS high state 
(CAS at Vih) the output is in the high impedance state. The 
following table summarizes the Dout state for various 
types of cycles. 

Intel 2117 Data Output Operation 
for Various Types of Cycles 



Type of Cycle 


Dqut State 


Read Cycle 


Data From Addressed 




Memory Cell 


Early Write Cycle 


Hl-Z 


RAS-Only Refresh Cycle 


Hl-Z 


CAS-Only Cycle 


Hl-Z 


Read/Modify/Write Cycle 


Data From Addressed 




Memory Cell 


Delayed Write Cycle 


Indeterminate 



HIDDEN REFRESH 

A feature of the 2117 is that refresh cycles may be 
performed while maintaining valid data at the output pin. 
This feature is referred to as Hi dden Refresh. Hidden 
Refresh Is performed by holding CAS at Vil and taking 
RAS high a nd af ter a specified precharge pe riod (tRp), 
executing a "RAS-Only" refresh cycle, but with CAS held 
low (see Figure below). 



_MEMORY 
CYCLE 



REFRESH 
" CYCLE ~ 



/ — )^_r^ 



\ 



>- 



This feature allows a refresh cycle to be "hidden" among 
data cycles without affecting the data availability. 

POWER ON 

The 2117 requires no power on sequence providing 
absolute maximum ratings are not exceeded. After the 
application of supply voltages or after extended periods of 
bias (greater than 2 milliseconds) without clocks, the 
device must perform a minimum of eight i nitial ization 
cycles (a ny co mbination of cycles containing a RAS clock, 
such as RAS-Only refresh) prior to normal operation. 
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POWER SUPPLY DECOUPLING/DISTRIBUTION 

It is recommended that a 0.1 )uF ceramic capacitor be 
connected between Vdd and Vss at every other device in 
the memory array. A 0.1 /.iF ceramic capacitor should also 
be connected between Vbb and Vss at every other device 
(preferably the alternate devices to the Vdd decoupling). 
For each 16 devices, a 10/xF tantalum or equivalent 
capacitor should be connected between Vdd and Vss near 
the array. An equal or slightly smaller bulk capacitor is 
also recommended between Vbb and Vss for every 32 
devices. 

The Vcc supply is connected only to the 2117 output 
buffer and is not used Internally. The load current from the 
Vcc supply is dependent only upon the output loading and 



is associated with the input high level current to aTTL gate 
and the output leakage currents of any OR-tied 2117's 
(typically lOO/uA or less total). Intel recommends that a 0.1 
or 0.0 VF ceramic capacitor be connected between Vcc 
and Vss for every eight memory devices. 

Due to the high frequency characteristics of the current 
waveforms, the inductance of the power supply distribu- 
tion system on the array board should be minimized. It is 
recommended that the Vdd, Vbb, and Vss supply lines be 
gridded both horizontally and vertically at each device in 
the array. This technique allows use of double sided 
circuit boards with noise performance equal to or better 
than multi-layered circuit boards. 
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CAScD 

AeCD 

A5CD 

A4CD 

A3CD 

A2CD 

AlCD 

Aqcd 

RAS p 
RASc 
WEcD 




22C23w2!§E23u 



D, >B| ,^D| ,,^^,1 






D|N DquT 



DECOUPLING CAPACITORS 
D = O.ljuF TO Vpo TO Vss 
B = 0.1mFVbbTOVss 
C = O.OImF Vcc TO Vss 



SAMPLE P.C. BOARD LAYOUT EMPLOYING VERTICAL 
AND HORIZONTAL GRIDDING ON ALL POWER SUPPLIES. 

BOARD ORGANIZATION: 64K WORDS BY 8-BITS. 



64K BYTE STORAGE ARRAY LAYOUT 
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2118 FAMILY 
16,384 X 1 BIT DYNAMIC RAM 
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■ 





2118-2 


2118-3 


2118-4 


2118-7 


Maximum Access Time (ns) 


80 


100 


120 


150 


Read, Write Cycle (ns) 


200 


235 


270 


320 


Read-Modify-Write Cycle (ns) 


250 


295 


345 


410 



Single +5V Supply, ±10% Tolerance 

HMOS Technology 

Low Power: 160mW Max. Operating 
16mW Max. Standby 

Low Vdd Current Transients 

All Inputs, Including Clocks, 
TTL Compatible 



Non-Latched Output is Three-State, 
TTL Compatible 

RAS Only Refresh 

128 Refresh Cycles Required 
Every 2ms 

Page Mode Capability 

CAS Controlled Output Allows 
Hidden Refresh 



The Intel® 21 1 8 is a 1 6,384 word by 1 -bit Dynamic MOS RAM designed to operate from a single +5\/ power supply. The 2118 
is fabricated using HMOS — a production proven process for high performance, high reliability, and high storage density. 

The 2118 uses a single transistor dynamic storage cell and advanced dynamic circuitry to achieve high speed with low 
power dissipation. The circuit design minimizes the current transients typical of dynamic RAM operation. These low 
current transients contribute to the high noise immunity of the 2118 in a system environment. 

Multiplexing the 1 4 address bits into the 7 address input pins allows the 21 1 8 to be packaged in the indust ry sta ndard 1 6-pin 
DIP. The two 7-bit address words are latched into the 21 18 by the two TTL clocks. Row Address Strobe (RAS) and Column 
Address Strobe (CAS). Non-critical timing requirements for RAS and CAS allow use of the address multiplexing technique 
while maintaining high performance. 

The 21 1 8 three-state output is co ntrolle d by CAS, independent of RAS. After a valid read or read-modify-write cyc le, da ta is 
latched on the output by holding CAS low. The data out pin is returned to the high Impedance stat e by r eturning CAS to a 
high state. The 21 18 hidden refresh feature allows CAS to be held low to maintain latched data while RAS is used to execute 
RAS-only refresh cycles. 

The single transistor storage cell requires refreshing for data retention. Refreshing is accomplished by performing RAS- 
only refresh cycles, hidden refresh cycles, or normal read or write cycles on the 1 28 address combinations of Ao through Ae 
during a 2ms period. A write cycle will refresh stored data on all bits of the selected row except the bit which is addressed. 



PIN 
CONFIGURATION LOGIC SYMBOL 



N/CC 

vveC 

RASC 
AqC 

A2C 

aX 
VddC 



DVss 

UCAl 
UDout 

DA3 
DA4 

DAe 

Jwc 





Ao 
A, 






A2 
A3 


D|N 




A4 






A5 
Ab 


DoUT 




RAS 






CAS 






WE 





Ao-Ae 


ADDRESS INPUTS 


CAS 


COLUMN ADDRESS STROBE 


Din 


DATA IN 


DouT 


DATA OUT 


WE 


WRITE ENABLE 


RAS 


ROW ADDRESS STROBE 


Vdd 


POWER (+5V) 


Vss 


GROUND 



-U^ 



BIT 
LATCH 
(ROW) 



1:^ 



BIT 

LATCH 

(COLUMN) 



CLOCK 

GENERATOR 

NO. 1 



BLOCK DIAGRAM 



^ 



1 OF 64 

ROW 

DECODERS 



^ 



^ 



1 OF 64 

ROW 

DECODERS 



128 SENSE 

AMPLIFIERS 

1 OF 64 COLUMN 

DECODERS 






P 



CLOCK 

GENERATOR 

NO. 2 



WRITE 
ENABLE 
BUFFER 



DATA 
INPUT 
BUFFER 



OUTPUT 
BUFFER 
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2141 
4096 X 1 BIT STATIC RAM 





2141-2 


2141-3 


2141-4 


2141-5 


2141L-3 


2141 L-4 


2141L-5 


Max. Access Time (ns) 


120 


150 


200 


250 


150 


200 


250 


Max. Active Current (mA) 


70 


70 


55 


55 


40 


40 


40 


Max. Standby Current (mA) 


20 


20 


12 


12 


5 


5 


5 



■ 



HMOS Technology 

Industry Standard 2147 Pinout 

Completely Static Memory — No Clock 
or Timing Strobe Required 

Equal Access and Cycle Times 

Single +5V Supply 



Automatic Power-Down 

Directly TTL Compatible — All inputs 
and Output 

Separate Data Input and Output 

Three-State Output 

High Density 18-Pin Package 



The Intel® 2141 is a 4096-bit static Random Access Memory organized as 4096 words by 1-bit using HMOS, a high- 
performance MOS technology. It uses a uniquely innovative design approach which provides the ease-of-use features 
associated with non-clocked static memories and the reduced standby power dissipation associated with clocked static 
memories. To the user this means low standby power dissipation without the need for clocks, address setup and hold 
times, nor reduced data rates due to cycle times that are longer than access times. 

CS controls the power-down feature. In less than a cycle time after CS goes high — deselecting the_2141 — the part 
automatically reduces its power requirements and remains in this low power standby mode as long as CS remains high. 
This device feature results in system power savings as great as 85% in larger systems, where the majority of devices are de- 
selected. 

The 2141 is placed In an 1 8-pin package configured with the industry standard pinout, the same as the 21 47. It is directly TTL 
compatible in all respects: inputs, output, and a single +5V supply. The data is read out nondestructively and has the same 
polarity as the Input data. A data input and a separate three-state output are used. 



PIN CONFIGURATION 



LOGIC SYMBOL 



BLOCK DIAGRAM 



AoC 
AlC 
A2C 
A3C 
A4C: 
AsC 
DoutC 
weC 
gndC 



1 18 

2 17 

3 16 

4 15 
2141 

5 14 

6 13 

7 12 



DVcc 

D Ae 
DA7 

HAS 
DA9 

I] A10 

D All 
UDiN 

H CS 



— 


Ao 





Ai 





A2 





A3 





A4 





A5 





Ae DouT 





A7 





As 





A9 





A10 





All 




D,N WE CS 



IT 



PIN NAMES 



A0-A11 


ADDRESS INPUTS 


Vcc POWER (+5V) 


WE 


WRITE ENABLE 


GND GROUND 


CS 


CHIP SELECT 




D|N 


DATA INPUT 




DoUT 


DATA OUTPUT 




TRUTH TABLE 


cs 


WE 


MODE 


OUTPUT 


POWER 


H 

L 
L 


X 

L 
H 


NOT SELECTED 
WRITE 
READ 


HIGHZ 
HIGHZ 
DoUT 


STANDBY 
ACTIVE 
ACTIVE 




WE • 1 V 
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ABSOLUTE MAXIMUM RATINGS'^ 

Temperature Under Bias -10°Cto85°C 

Storage Temperature -65°Cto+150°C 

Voltage on Any Pin With 

Respect to Ground -1.5V to +7V 

Power Dissipation 1 .2W 

D.C. Output Current 20mA 



*COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. AND OPERATING CHARACTERISTICS 

Ta = 0°C to 70°C, Vcc = +5V±10% unless otherwise noted. 



Symbol 


Parameter 


Min. 


2141-2/-3 
Typ.ni Max. 


Min. 


2141-4/-5 
Typ.ni Max. 


2141L-3/L-4/L-5 
Min. Typ.ni Max. 


Unit 


Conditions 


Ili 


Input Load Current 
(All Input Pins) 


0.01 10 


0.01 10 




0.01 


10 


mA 


Vcc=Max., ViN= 
GND to Vcc 


Hloi 


Output Leakage 
Current 


0.1 10 


0.1 10 




0.1 


10 


mA 


CS=ViH, Vcc=Max., 
VoUT=GND to 4.5V 


ice 


Operating Current 


45 70 


40 55 




30 


40 


mA 


Vcc=Max.. CS=ViL. 
Outputs Open 


ISB 


Standby Current 


20 


12 


5 


mA 


Vcc=Min. to Max., 
CS=ViH 


Ip0(2) 


Peak Power-On 
Current 


40 


30 


18 


mA 


Vcc=GND to Vcc Min. 
CS=Lower of Vcc or 
ViH Min. 


ViL 


Input Low Voltage 


-1.0 


0.8 


-1.0 


0.8 


-1.0 




0.8 


V 




VlH 


Input High Voltage 


2.0 


6.0 


2.0 


6.0 


2.0 




6.0 


V 




Vol 


Output Low Voltage 


0.4 


0.4 


0.4 


V 


lOL = 8.0mA 


VOH 


Output High Voltage 


2.4 


2.4 


2.4 


V 


lOH = -4.0mA 


los'^) 


Output Short Circuit 
Current 


-120 


120 


-120 


120 


-120 




120 


mA 


VouT=GND to Vcc 



Notes: 1. Typical limits are at Vcc = 5V, Ta = +25° C, and specified loading. 

2. Ice exceeds Isb maximum during power-on, as shown in Graph 7. A pull-up resistor to Vcc on the CS input is required to 
keep the device deselected; otherwise, power-on current approaches Ice active. 

3. Duration not to exceed one minute. 



A.C. TEST CONDITIONS 



Input Pulse Levels 

Input Rise and Fall Times 

Input and Output Timing Reference 

Levels 
Output Load 



GND to 3.5 Volts 
1 nsec 

1.5 Volts 
1 TTL Load plus lOOpF 



CAPACITANCE ^^^ 

TA = 25°C,f = 1.0MHz 



Symbol 


Parameter 


Max. 


Unit 


Conditions 


C|N 


Input Capacitance 


5 


pF 


V,N = OV 


Cqut 


Output Capacitance 


6 


pF 


VouT = OV 



Note 4. This parameter is sampled and not 100% tested. 
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A.C. CHARACTERISTICS 

Ta = 0*C to 70** C, Vcc = +5V±10%, unless otherwise noted. 
READ CYCLE 



Symbol 


Parametar 


2141-2 
Min. Max. 


2141-3/L-3 
Min. Max. 


2141-4/L-4 
Min. Max. 


2141-5/L-5 
Min. Max. 


Unit 


tRC 


Read Cycle Time 


120 


150 


200 


250 


ns 


tAA 


Address Access Time 


120 


150 


200 


250 


ns 


tACSllH 


Chip Select Access Time 


120 


150 


200 


250 


ns 


tACS2l21 


Chip Select Access Time 


130 


160 


200 


250 


ns 


tOH 


Output Hold from Address Change 


10 


10 


10 


10 


ns 


tL2l3I 


Chip Selection to Output in Low Z 


30 


30 


30 


30 


ns 


tHz'^1 


Chip Deselection to Output in High Z 





60 





60 





60 





60 


ns 


tPU 


Chip Selection to Power Up Time 














ns 


tPD 


Chip Deselection to Power Down Time 


60 


60 


60 


60 


ns 



■ 



WAVEFORMS 



READ CYCLE NO. 1 



[4.5] 



0( 



X 



DATA OUT PREVIOUS DATA VALID 



is A A /\ 



DATA VALID 



READ CYCLE NO. 2 '^ ®^ 



Cf Jn 



Vcc 

SUPPLY 
CURRENT U, 



/ 



HIGH IMPEDANCE 



\ A A A 



DATA VALID 



IMPEDANCE 



;^ 



V 



Notes: 

1. Chip deselected for greater than 55ns prior to selection. 

2. Chip deselected for a finite time that is less than 56ns prior to selection. (If the deselect time is 0ns, the chip is by definition 
selected and access occurs according to Read Cycle No. 1) 

3. At any given temperature and voltage condition, tHZ max is less than tiz min both for a given device and from device to device. 

4. WE is high for Read Cycles. 

5. Device is continuously selected, CS = Vil. 

6. Addresses valid prior to or coincident with CS transition low. 
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A.C. CHARACTERISTICS Ta = O^C to 70°C, Vcc = +5V±10%. unless otherwise noted. 
WRITE CYCLE 



I 



Symbol 


Parameter 


2141-2 
Min. Max. 


2141-3/L-3 
Min. Max. 


2141-4/L-4 
Min. Max. 


2141-5/L-5 
Min. Max. 


Unit 


twc 


Write Cycle Time 


120 


150 


200 


250 


ns 


tew 


Chip Selection to End of Write 


110 


135 


180 


230 


ns 


tAW 


Address Valid to End of Write 


110 


135 


180 


230 


ns 


tAS 


Address Setup Time 














ns 


tWP 


Write Pulse Width 


60 


60 


60 


75 


ns 


tWR 


Write Recovery Time 


10 


15 


20 


20 


ns 


tow 


Data Valid to End of Write 


50 


60 


60 


75 


ns 


tDH 


Data Hold Time 


5 


5 


5 


5 


ns 


twz 


Write Enabled to Output in High Z 


10 70 


10 80 


10 80 


10 80 


ns 


tow 


Output Active from End of Write 


5 


5 


5 


5 


ns 



WAVEFORMS _ 

WRITE CYCLE #1 (WE CONTROLLED) 



0( 



x^;2l 



uzurnL 



^:x}l 



DATA IN VALID 



DATA OUT 



DATA UNDEFINED 



f 



HIGH IMPEDANCE 



WRITE CYCLE #2 (CS CONTROLLED) 



0( 



v 



/ 



WWWW^^ L 



3C 



I 'l i n / / // 



DATA IN VALID 



DATA UNDEFINED 



HIGH IMPEDANCE 



Note: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
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TYPICAL D.C. AND A.C. CHARACTERISTICS 



E 
S 20 



GRAPH 1 
SUPPLY CURRENT VS. 
SUPPLY VOLTAGE 
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GRAPH 2 
SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE 











■-- 


■***-l^ 












= 5.0V 






^cc 






•sB 













GRAPH 3 

OUTPUT SOURCE CURRENT VS. 

OUTPUT VOLTAGE 



Vcc = 


5.0V 






Ta = 


25 C 










V 
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\ 



4.75 5.00 

Vrr (V) 



5.25 5.50 



2.0 

VoUT (V) 



GRAPH 4 

NORMALIZED ACCESS TIME 

VS. SUPPLY VOLTAGE 
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GRAPH 5 

NORMALIZED ACCESS TIME VS. 

AMBIENT TEMPERATURE 
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GRAPH 6 

OUTPUT SINK CURRENT VS. 

OUTPUT VOLTAGE 





/ 








/ 






/\ 


/ 






/ 




Vcc = 
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GRAPH 7 
TYPICAL POWER-ON CURRENT 
VS. POWER SUPPLY VOLTAGE 
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GRAPH 8 

ACCESS TIME CHANGE VS. 

INPUT VOLTAGE 
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GRAPH 9 

ACCESS TIME CHANGE VS. 

OUTPUT LOADING 
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DEVICE DESCRIPTION 

The 2141 is produced with HMOS, a new high- 
performance MOS technology which incorporates on- 
chip substrate bias generation to achieve high-per- 
formance. This process, combined with new design ideas, 
gives the 2141 its unique features. Both low power and 
ease-of-use have been obtained in a single part. The low- 
power feature Is controlled with the Chip Select input, 
which is not a clock and does not have to be cycled. 
Multiple read or write operations are possible during a 
single select period. Access times are equal to cycle times, 
resulting in data rates up to 8.3 MHz for the 2141-2. This is 
considerably higher performance than for clocked static 
designs. 

Whenever the 2141 is deselected, it automatically reduces 
its power requirements to a fraction of the active power, as 
shown in Figure 1. This is achieved by switching off the 
power to unnecessary portions of the internal peripheral 
circuitry. This feature adds up to significant system power 
savings. The average power per device declines as system 
size grows because a continually higher portion of the 
memory is deselected. Device power dissipation asympto- 
tically approaches the standby power level, as shown in 
Figure 2. 
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FIGURE 1. ice WAVEFORM. 




There is no functional constraint on the amount of time the 
2141 is deselected. However, there is a relationship 
between deselect time and Chip Select access time. With 
no compensation, the automatic power switch would 
cause an increase in Chip Select access time, since some 
time is lost in repowering the device upon selection. A 
feature of the 2141 design is its ability to compensate for 
this loss. The amount of compensation is a function of 
deselect time, as shown in Figure 3. For short deselect 
times. Chip Select access time becomes slower than 
address access time, since full compensation typically 
requires 60ns. For longer deselect times, Chip Select 
access time actually becomes faster than address access 
time because the compensation more than offsets the time 
lost in powering up. The spec accounts for this 
characteristic by specifying two Chip Select access times, 
tACSi and tACS2. 



SPEC LIMIT 




.^^^ 






.^.^^^^^ 







o J2 Ucsi 
o < 

u e>u uu 

DESELECT TIME (ns) 

FIGURE 3. tAcs VS. DESELECT TIME. 

The power switching characteristic of the 2141 requires 
more careful decoupling than would be required of a 
constant power device. It Is recommended that a 0.1 /uF 
ceramic capacitor be used on every other device, with a 
22mF to 47mF bulk electrolytic decoupler every 32 devices. 
The actual values to be used will depend on board layout, 
trace widths and duty cycle. Power supply gridding is 
recommended for PC board layout. A very satisfactory 
grid can be developed on a two-layer board with vertical 
traces on one side and horizontal traces on the other, as 
shown In Figure 4. 
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FIGURE 2. AVERAGE DEVICE DISSIPATION VS. 
MEMORY SIZE. 



FIGURE 4. PC LAYOUT. 
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2142 
1024 X 4 BIT STATIC RAM 





2142-2 


2142-3 


2142 


2142L2 


2142L3 


2142L 


Max. Access Time (ns) 


200 


300 


450 


200 


300 


450 


Max. Power Dissipation (mw) 


525 


525 


525 


370 


370 


370 



I 



High Density 20 Pin Paclcage 

Access Time Selections From 200-450ns 

Identical Cycle and Access Times 

Low Operating Power Dissipation 
.1mW/Bit Typical 

Single +5V Supply 



No Clock or Timing Strobe Required 

Completely Static Memory 

Directly TTL Compatible: All Inputs 
and Outputs 

Common Data Input and Output Using 
Three-State Outputs 



The Intel® 2142 is a 4096-bit static Random Access Memory organized as 1024 words by 4-bits using N-channel Silicon- 
Gate MOS technology. It uses fully DC stable (static) circuitry throughout — in both the array and the decoding ~ and 
therefore requires no clocks or refreshing to operate. Data access is particularly simple since address setup times are not 
required. The data is read out nondestructively and has the same polarity as the input data. Common input/output pins are 
provided. 

The 21 42 is designed for memory applications where high performance, low cost, large bit storage, and simple interfacing 
are important design objectives. It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. 

The 2142 is placed in a 20-pin package. Two Chip Selects (CSi and CS2) are provided for easy and flexible selection of 
individual packages when outputs are OR-tied. An Output Disable is included for direct control of the output buffers. 

The 2142 is fabricated with Intel's N-channel Silicon-Gate technology — a technology providing excellent protection 
against contamination permitting the use of low cost plastic packaging. 



PIN CONFIGURATION LOGIC SYMBOL 



BLOCK DIAGRAM 



As I I 2 

A4[ 

A3 [ 
CS2 I [s 

AO [ 

Al I [7 

A2 I JS 
CST[ 



Z]vcc 

Z]A7 

ZH *8 

Z]A9 

I OD 

Z]'/02 

^1/03 

Z]'/04 

I WE 



Ao 




Al 


1/O1 


A2 




A3 


I/02 


A4 




A5 




A6 


I/03 


A7 




As 


1/O4 


Ag 
WE CSi CS2 OD 


YY 1 


1 



PIN NAMES 



A0-A9 


ADDRESS INPUTS 


OD 


OUTPUT DISABLE 


WE 


WRITE ENABLE 


vcc 


POWER (+5V) 


C5i,CS2 


CHIP SELECT 


GND 


GROUND 


I/01-I/04 


DATA INPUT/OUTPUT 






3-95 



2142 FAMILY 



I 



ABSOLUTE MAX9MUM RATINGS'^ 

Temperature Under Bias ~10°Cto 80°C 

Storage Temperature -65°Cto +150°C 

Voltage on Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation LOW 

D.C. Output Current 10mA 



D.C. AND OPERATING CHARACTERISTICS 

Ta = 0°C to 70° C, Vcc = BV ± 5%, unless otherwise noted. 



*COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



SYMBOL 


PARAMETER 


2142-2, 
Min. 


2142-3,2142 
Typ.Hl Max. 


2142L2, 2142L3, 
Min. Typ.[l] 


2142L 
Max. 


UNIT 


CONDITIONS 


Ili 


Input Load Current 
(All Input Pins) 


10 


10 


ma 


V|N = to 5.25V 


ilLol 


I/O Leakage Current 


10 


10 


ma 


CS=2.4V, 

V,/o = 0.4V to Vcc 


'cci 


Power Supply Current 


80 95 


65 


mA 


V|N = 5.25V, l|/o = OmA, 
Ta = 25°C 


'CC2 


Power Supply Current 


100 


70 


mA 


V,N- 5.25V, l,/o = OmA, 
.Ta = 0°C 


V|L 


Input Low Voltage 


-0.5 


0.8 


-0.5 


0.8 


V 




V|H 


Input High Voltage 


2.0 


6.0 


2.0 


6.0 


V ' 




tOL 


Output Low Current 


2.1 


6.0 


2.1 6.0 


mA 


Vol = 0.4V 


JOH 


Output High Current 


-1.0 


-1.4 


-1.0 -1.4 


mA 


VoH = 2.4V 


losf2] 


Output Short Circuit 
Current 


40 


40 


mA 


V,/o =GNDto Vcc 



NOTE: 1 , Typical values are for Ta = 25° C and Vcc = 5.0V. 
2. Duration not to exceed 30 seconds. 



CAPACITANCE 

TA-25°C,f = 1.0 MHz 



SYMBOL 


TEST 


MAX 


UNIT 


CONDITIONS 


C|/0 


Input/Output Capacitance 


5 


pF 


V,/o = OV 


CjN 


Input Capacitance 


5 


pF 


V,N=OV 



TEST NOTE: This circuit em- 
ploys a self starting oscillator 
and a charge pump which 
require a certain amount of 
time after POWER ON to start 
functioning properly. This 
2142 circuit Is conserva- 
tively specified as requiring 

Input Pulse Levels 0.8 Volt to 2.4 Volt ^^0 ^sec after Vcc reaches 

its specified limit (4J5V). 
Input Rise and Fall Times 10 nsec 

Input and Output Timing Levels 1.5 Volts 

Output Load 1 TTL Gate and Cl = 100 pF 



note: This parameter is periodically sampled and not 100% tested. 



A.C. CONDITIONS OF TEST 
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A.C, CHARACTERISTICS Ta = 0°C to 70° C, Vcc = 5V ± 5%, unless otherwise noted. 



READ CYCLE 



[11 



SYMBOL 


PARAMETER 


2142-2, 
Min. 


2142L2 

Max. 


2142-3, 
Min. 


2142L3 
Max. 


2142, 
Min. 


2142L 
Max. 


UNIT 


tRC 


Read Cycle Time 


200 


300 


450 


ns 


tA 


Access Tinne 


200 


300 


450 


ns 


tOD 


Output Enable to Output Valid 


70 


100 


120 


ns 


tODX 


Output Enable to Output Active 


20 


20 


20 


ns 


tco 


Chip Selection to Output Valid 


70 


100 


120 


ns 


tcx 


Chip Selection to Output Active 


20 


20 


20 


ns 


tOTD 


Output 3-state from Disable 


60 


80 


100 


ns 


to HA 


Output Hold from Address Change 


50 


50 


50 


ns 



■ 



WRITE CYCLE 



[2] 



SYMBOL 


PARAMETER 


2142-2, 21 42L2 
Min. Max. 


2142-3, 21 42L 3 
Min. Max. 


2142,2142L 
Min. Max. 


UNIT 


twc 


Write Cycle Time 


200 


300 


450 


ns 


tw 


Write Time 


120 


150 


200 


ns 


tWR 


Write Release Time 





Q 





ns 


tOTD 


Output 3-state from Disable 


60 


80 


100 


ns 


tow 


Data to Write Time Overlap 


120 


150 


200 


ns 


tDH 


Data Hold From Write Time 











ns 



NOTES: 

1. A Read occurs during the overlap of a low CS and a high WE. 

2. A Write occurs during the overlap of a low CS and a low WE. 



WAVEFORMS 

READ CYCLE® 



-'ZX 



CD 



./ZzZZZZZz 



toD- 

-tODX— i 



CS2 ' 



m 



^g \xxw 



tOTD -»- 
to HA 



^— 



NOTES: 

d) "we is high for a Read Cycle. 

(4) WE must be high during all address transitions. 



WRITE CYCLE 






'IZL 



TZl 



wi©-^^^xv:w\ 



wm^ 



Si 



7L' 



mmuL 



^ 



tDW-^-*tDH 



^^sss^ 



\ \\\\\\\\ 



f 
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TYPICAL D.C. AND A.C. CHARACTERISTICS 



NORMALIZED ACCESS TIME VS. 
SUPPLY VOLTAGE 



I 



1.1 

1.0 
0.9 
0.8 
0.7 
0.6 
ni; 
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5.00 
Vcc (V) 



NORMALIZED ACCESS TIME VS. 
AMBIENT TEMPERATURE 





1.2 
1.1 
1.0 
0.9 
0.8 
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ta rc) 







NORMALIZED ACCESS TIME VS. 
OUTPUT LOAD CAPACITANCE 





1.1 

1.0 
0.9 
0.8 
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Cl (pF) 



NORMALIZED POWER SUPPLY CURRENT 
VS. AMBIENT TEMPERATURE 



1.2 

1.1 

1.0 

2 0-9 



40 60 

Ta rc) 



OUTPUT SOURCE CURRENT 
VS. OUTPUT VOLTAGE 



30 
20 
10 

n 










\ 








\ 


\ 








\ 


V 





2 

VOH (V) 



OUTPUT SINK CURRENT 
VS. OUTPUT VOLTAGE 



30 

~ 20 
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2147 
4096 X 1 BIT STATIC RAM 





2147-3 


2147 


2147L 


Max. Access Time (ns) 


55 


70 


70 


Max. Active Current (mA) 


180 


160 


140 


Max. Standby Current (mA) 


30 


20 


10 




HMOS Technology 

Completely Static Memory — No Clock 
or Timing Strobe Required 

Equal Access and Cycle Times 
Single +5V Supply 



Automatic Power-Down 

High Density 18-Pin Package 

Directly TTL Compatible — All Inputs 
and Output 

Separate Data Input and Output 

Three-State Output 



The Intel® 2147 is a 4096-bit static Random Access Memory organized as 4096 words by 1-bit using HMOS, a high- 
performance MOS technology. It uses a uniquely innovative design approach which provides the ease-of-use features 
associated with non-clocked static memories and the reduced standby power dissipation associated with clocked static 
memories. To the user this means low standby power dissipation without the need for clocks, address setup and hold 
times, nor reduced data rates due to cycle times that are longer than access times. 

CS controls the power-down feature. In less than a cycle time after CS goes high — deselecting the_2147 — the part 
automatically reduces its power requirements and remains in this low power standby mode as long as CS remains high. 
This device feature results in system power savings as great as 85% in larger systems, where the majority of devices are de- 
selected. 

The 2147 is placed in an 18-pin package configured with the industry standard pinout. It is directly TTL compatible in all 
respects: inputs, output, and a single +5V supply. The data is read out nondestructively and has the same polarity as the 
input data. A data input and a separate three-state output are used. 



PIN CONFIGURATION 



LOGIC SYMBOL 



AoC 
AlC 
A2C: 

AaC 
A4C 

AsC 

DoutC 

weC 

gndC 



4 15 

2147 



H Vcc 

DA6 

DA7 

DA8 
iJAg 
DAio 
J All 

J Din 

UEs 





Ao 




Ai 




A2 




A3 




A4 




A5 




Ae DouT 




A7 




As 




A9 




A10 




All 




D,N WE CS 



rr 





PIN NAMES 


A0-A11 


ADDRESS INPUTS 


Vcc POWER (+5V) 


WE 


WRITE ENABLE 


GND GROUND 


CS 


CHIP SELECT 




D,N 


DATA INPUT 




DoUT 


DATA OUTPUT 





TRUTH TABLE 



cs 


WE 


MODE 


OUTPUT 


POWER 


H 

L 
L 


X 
L 
H 


NOT SELECTED 
WRITE 
READ 


HIGHZ 
HIGHZ 
DoUT 


STANDBY 
ACTIVE 
ACTIVE 



BLOCK DIAGRAM 




MEMORY ARRAY 

64 ROWS 

64 COLUMNS 



@ 



Vcc 



COLUMN I/O CIRCUITS 



COLUMN SELECT 



@|@| ®| @| @| @] 

Ae A7 As Ag A10 All 




^ DouT 



^-L^^D 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias -10° C to 85° C 

Storage Temperature -65°Cto+150°C 

Voltage on Any Pin With 

Respect to Ground -1 .5V to +7V 

Power Dissipation 1 .2W 

D.C. Output Current 20mA 



*COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. AND OPERATING CHARACTERISTICS^'^ 

Ta = 0°C to 70° C, Vcc = +5V±10%, unless otherwise noted. 



Symbol 


1 

Parameter 


Min. 


2147-3 
Typ.[2] Max. 


1 

Min. 


2147 
Typ.[2] 


Max. 


Min. 


2147L 
Typ. [2] Max. 


Unit 


Test Conditions 


ILI 


Input Load Current 
(All Input Pins) 


0.01 10 




0.01 


10 




0.01 


10 


mA 


Vcc=MAX, ViN=GND to Vcc 


IlLOl 


Output Leakage 
Current 


0.1 50 




0.1 


50 




0.1 


50 


mA 


CS=ViH, Vcc=Max., 
VouT=GND to 4.5V 


Ice 


Operating Current 


120 170 




100 


150 




100 


135 


mA 


Ta=25''C 


Vcc=Max., CS=ViL. 




180 


160 


140 


mA 


Ta=0«C 


Outputs Open 


ISB 


Standby Current 


18 30 




12 


20 




7 


1.0 


mA 


Vcc=Min. to Max. 
CS=ViH 


Ip0f3] 


Peak Power-On 
Current 


35 70 




25 


50 




15 


30 


mA 


Vcc=GND to Vcc Min., 
CS=Lower of Vcc or Vih Min. 


ViL 


Input Low Voltage 


-1.0 


0.8 


-1.0 




0.8 


-1.0 




0.8 


V 




VlH 


Input High Voltage 


2.0 


6.0 


2.0 




6.0 


2.0 




6.0 


V 




Vol 


Output Low Voltage 


0.4 


0.4 


0.4 


V 


lOL = 8mA 


VOH 


Output High Voltage 


2.4 


2.4 


2.4 


V 


lOH = -4.0mA 


los^^' 


Output Short Circuit 
Current 


-120 


120 


-120 




120 


-120 




120 


mA 


VoUT=GND to Vcc 



Notes: 

1. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet per minute. 

2. Typical limits are at Vcc = 5V, Ta = +25** C, and specified loading. 

3. Ice exceeds Isb maximum during power on, as shown in Graph 7. A pull-up resistor to Vcc on the CS input is required to keep the device 
deselected; otherwise, power-on current approaches Ice active. 

4. Duration not to exceed one minute. 



Vcc 



A.C. TEST CONDITIONS 



Input Pulse Levels 

Input Rise and Fall Times 

Input and Output Timing Reference 

Levels 
Output Load 



GND to 3.5 Volts 
1 nsec 

1.5 Volts 
See Figure 1 



30 pF 

. (INCLUDING 
SCOPE AND 
JIG) 



Figure 1. Output Load 



CAPACITANCE 



151 



Ta = 25°C, 


f = 1.0MH2 








Symbol 


Parameter 


Max. 


Unit 


Conditions 


C|N 


Input Capacitance 


5 


pF 


V,N=OV 


COUT 


Output Capacitance 


6 


pF 


VOUT = OV 



Note 5. This parameter is sampled and not 100% tested. 
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A.C. CHARACTERISTICS 

Ta = O^^C to 70° C, Vcc = +5V±10%, unless otherwise noted. 



READ CYCLE 



Symbol 


Parameter 


Min. 


2147-3 

Max. 


2147, 
Min. 


2147L 
Max. 


Unit 


Test 
Conditions 


tRC 


Read Cycle Time 


55 


70 


ns 




tAA 


Address Access Time 


55 


70 


ns 




tACSI 


Chip Select Access Time 


55 


70 


ns 


Note 1 


tACS2 


Chip Select Access Time 


65 


80 


ns 


Note 2 


tOH 


Output Hold from Address Change 


5 


5 


ns 




tLz[3] 


Chip Selection to Output in Low Z 


10 


10 


ns 




tHzt3] 


Chip Deselection to Output in High Z 





40 





40 


ns 




tpu 


Chip Selection to Power Up Time 








ns 




tPD 


Chip Deselection to Power Down Time 


30 


30 


ns 






WAVEFORMS 



READ CYCLE NO. 1 



0( 



DATA OUT PREVIOUS DATA VALID 



ixni 



DATA VALID 



READ CYCLE NO. 2 



■^i. 



j^ 



HIGH IMPEDANCE 



■C2X)C 



DATA VALID 



IMPEDANCE 
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A.C. CHARACTERISTICS (Continued) 
WRITE CYCLE 


Symbol 


Parameter 


2147-3 
Min. Max. 


21 47,21 47L 
Min. Max. 


Unit 


Test 
Conditions 


twc 


Write Cycle Time 


55 


70 


ns 




tew 


Chip Selection to End of Write 


45 


55 


ns 




tAW 


Address Valid to End of Write 


45 


55 


ns 




tAS 


Address Setup Time 








ns 




twp 


Write Pulse Width 


35 


40 


ns 




tWR 


Write Recovery Time 


10 


15 


ns 




tow 


Data Valid to End of Write 


25 


30 


ns 




tDH 


Data Hold Time 


10 


10 


ns 




twz 


Write Enabled to Output in High Z 


30 


35 


ns 




tow 


Output Active from End of Write 








ns 





WAVEFORMS _ 

WRITE CYCLE #1 (WE CONTROLLED) 



€3i 



'X^;2i 



lilZj ' //// 



IX^i 



DATA IN VALID 



DATA UNDEFINED 



j'' 



HIGH IMPEDANCE 



WRITE CYCLE #2 (CS CONTROLLED) 

ADDRESS ^h 



^^ 



y 



- XXXXXXXXXX^L 



///////// 



DATA IN VALID 



X 



DATA UNDEFINED 



HIGH IMPEDANCE 



Note: 1. If 08 goes high simultaneously with WE high, the output remains in a high impedance state. 
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TYPICAL D.C. AND A.C. CHARACTERISTICS 



GRAPH 1 
SUPPLY CURRENT VS. 
SUPPLY VOLTAGE 
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GRAPH 2 
SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE 
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GRAPH 3 

OUTPUT SOURCE CURRENT VS. 

OUTPUT VOLTAGE 



VCC = 


5.0V 






Ta = 


25 C 
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VouT (V) 



GRAPH 4 

NORMALIZED ACCESS TIME 

VS. SUPPLY VOLTAGE 
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GRAPH 5 

NORMALIZED ACCESS TIME VS. 

AMBIENT TEMPERATURE 
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GRAPH 6 

OUTPUT SINK CURRENT VS. 

OUTPUT VOLTAGE 
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GRAPH 7 
TYPICAL POWER-ON CURRENT 
VS. POWER SUPPLY VOLTAGE 
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GRAPH 8 

ACCESS TIME CHANGE VS. 

INPUT VOLTAGE 
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= 5.0V 











2.0 

V|N (V) 



GRAPH 9 

ACCESS TIME CHANGE VS. 

OUTPUT LOADING 
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Note 1. The supply current curves shown in Graphs 1 and 2 are for the 2147. 

The supply current curves for the 2147L and 2147-3 can be calculated by scaling proportionately. 
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DEVICE DESCRIPTION 

Thfe 2147 is produced with HMOS, a new high- 
performance MOS technology which incorporates on- 
chip substrate bias generation combined with device 
scaling to achieve high-performance. The speed-power 
product of this process has been measured at 1pj, 
approximately four times better than previous MOS 
processes. 

This process, combined with new design ideas, gives the 
2147 its unique features. High speed, low power and ease- 
of-use have been obtained in a single part. The low-power 
feature is controlled with the Chip Select input, which is 
not a clock and does not have to be cycled. Multiple read 
or write operations are possible during a single select 
period. Access times are equal to cycle times, resulting in 
data rates of 14.3 MHz and 18 MHzforthe2147 and 2147-3, 
respectively. This is considerably l;iigher performance 
than for clocked static designs. 

Whenever the 2147 is deselected, it automatically reduces 
its power requirements to a fraction of theactive power, as 
shown in Figure 1. This is achieved by switching off the 
power to unnecessary portions of the internal peripheral 
circuitry. This feature adds up to significant system power 
savings. The average power per device declines as system 
size grows because a continually higher portion of the 
memory is deselected. Device power dissipation asympto- 
tically approaches the standby power level, as shown in 
Figure 2. 
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FIGURE 1. ice WAVEFORM. 




4K 8K 16K 32K 64K 

MEMORY SIZE IN WORDS 

FIGURE 2. AVERAGE DEVICE DISSIPATION VS. 
MEMORY SIZE. 



There Is no functional constraint on theamount of timethe 
2147 is deselected. However, there is a relationship 
between deselect time and Chip Select access time. With 
no compensation, |the automatic power switch would 
cause an increase in Chip Select access time, since some 
time is lost in repowering the device upon selection. A 
feature of the 2147 design Is its ability to compensate for 
this loss. The amount of compensation is a function of 
deselect time, as shown in Figure 3. For short deselect 
times. Chip Select access time becomes slower than 
address access time, since full compensation typically 
requires 40ns. For longer deselect times. Chip Select 
access time actually becomes faster than address access 
time because the compensation more than offsets the time 
lost in powering up. The spec accounts for this 
characteristic by specifying two Chip Select access times, 
tACSi and tACS2. 



1- tACS2 

O 

LU ^ 
00 £ 

a. H 
X «" 



DESELECT TIME (ns) 

FIGURE 3. tACS VS. DESELECT TIME. 

The power switching characteristic of the 2147 requires 
more careful decoupling than would be required of a 
constant power device. It Is recommended that a 0. VF to 
0.3/iF ceramic capacitor be used on every other device, 
with a 22/xF to 47/LtF bulk electrolytic decoupler every 16 
devices. The actual values to be used will depend on board 
layout, trace widths and duty cycle. Power supply 
gridding is recommended for PC board layout. A very 
satisfactory grid can be developed on a two-layer board 
with vertical traces on one side and horizontal traces on 
the other, as shown in Figure 4. 
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FIGURE 4. PC LAYOUT. 



Terminations are recommended on input signal lines to 
the 2147 devices. In high speed systems, fast drivers can 
cause significant reflections when driving the high 
impedance inputs of the 2147. Terminations may be 
required to match the impedance of the line to the driver. 
The type of termination used . depends on designer 
preference and may be parallel resistive or resistive- 
capacitive. The latter reduces terminator power dis- 
sipation. 
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2147H 
HIGH SPEED 4096 x 1 BIT STATIC RAM 



HMOS H Technology 

35-45ns Maximum Access Time 

180mA Maximum Ice 

30mA Maximum Isb 

Completely Static Memory — No Clock 
or Timing Strobe Required 

Equal Access and Cycle Times 

Single +5V Supply 



Fully Compatible with Industry 
Standard 2147 

Automatic Power-Down 

High Density 18-Pln Package 

Directly TTL Compatible — All Inputs 
and Output 

Separate Data Input and Output 

Three-State Output 



1 



The Intel® 2147H is a 4096-bit static Random Access Mennory organized as 4096 words by 1 -bit using HMOSn, Intel's new 
high-performance MOS technology. It uses a uniquely innovative design approach which provides the ease-of-use 
features associated with non-clocked static memories and the reduced standby power dissipation associated with clocked 
static memories. To the user this means low standby power dissipation without the need for clocks, address setup and hold 
times, nor reduced data rates due to cycle times that are longer than access times. 

CS controls the power-down feature. In less than a cycle time after CS goes high — deselecting the 2147H — the part 
automatically reduces its power requirements and remains in this low power standby mode as long as CS remains high. 
This device feature results in system power savings as great as 85% in larger systems, where the majority of devices are 
deselected. 

The2147H is placed in an 18-pin package configured with the industry standard pinout. It is directly TTL compatible in all 
respects: inputs, output, and a single +5V supply. The data is read out nondestructively and has the same polarity as the 
input data. A data input and a separate three-state output are used. 



PIN CONFIGURATION 



LOGIC SYMBOL 



BLOCK DIAGRAM 



AoC 1 

Aid 2 

A2I: 3 

A3C 4 

A4C 5 

AbC 6 

DoutC 7 

VVEC 8 

GNpC 9 



18 D Vcc 
17 DAe 
16 D A7 
15 U As 
14 DA9 
13 DAio 
12 D All 
11 IJDlN 

10 I15s 



2147H 





Ao 




Ai 




A2 




A3 




A4 




A5 




Ae DoUT 




A7 




As 




A9 




A10 




All 




D,N VVE CS 



rr 





PIN NAMES 


A0-A11 


ADDRESS INPUTS 


Vcc POWER (+5V) 


WE 


WRITE ENABLE 


GND GROUND 


CS 


CHIP SELECT 




0|N 


DATA INPUT 




DoUT 


DATA OUTPUT 





TRUTH TABLE 



c§ 


WE 


MODE 


OUTPUT 


POWER 


H 

L 
L 


X 

L 
H 


NOT SELECTED 
WRITE 
READ 


HIGHZ 
HIGHZ 
DoUT 


STANDBY 
ACTIVE 
ACTIVE 




1J=D 
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1024 


2148 
X 4 BIT STATIC RAM 








Max. Access Time (ns) 


60 






Max. Active Current (mA) 


150 






Max. Standby Current (mA) 


30 





■ HMOS Technology 

■ Completely Static Memory 

— No Clock or Timing Strobe 
Required 

■ Equal Access and Cycle Times 

■ Single +5V Supply 



■ Automatic Power- Down 

■ High Density 18-Pin Paclcage 

■ Directly TTL Compatible 
— All Inputs and Outputs 

■ Common Data Input and Output 

■ Three-State Output 



Tlie Intel® 2148 Is a 4096-blt static Random Access Memory organized as 1024 words by 4 bits using HMOS, a high- 
performance MOS technology. It uses a uniquely innovative design approach which provides the ease-of-use features 
associated with non-clocked static memories and the reduced standby power dissipation associated with clocked static 
memories. To the user this means low standby power dissipation without the need for clocks, address setup and hold 
times, nor reduced data rates due to cycle times that are longer than access times. 

CE controls the power-down feature. In less than a cycle time after CE goes high — deselecting the 2148 — the part 
automatically reduces Its power requirements and remains In this low power standby mode as long as CE remains high. 
This device feature results In system power savings as great as 85% in larger systems, where the majority of devices are 
deselected. 

The 2148 Is placed in an 18-pln package configured with the industry standard 1 K x 4 pinout. It is directly TTL compatible 
In all respects: inputs, outputs, and a single +5V supply. The data is read out nondestructiveiy and has the same 
polarity as the Input data. Common Input and output pins are provided. 



PIN CONFIGURATiON LOGIC SYMBOL 



AeC 


1 


18 


Hvcc 


ao 




ASC 


2 


17 


DA7 


Al 
A2 


I/Ol 


A4L 




16 


DA8 


A3 




A3| 




15 


3 AS 




1/02 


AOC 




2148 14 


U I/01 _ 


A4 
As 




A1C 




13 


m 1/02 _ 


A6 


1/03 


A2C 




12 


H "03 _ 


A? 




ceC 




11 


3 l'04 


A8 


1/04 


gndC 




10 


HWE _ 


*'CF 


WE 










? 


^ 





PIN NAMES 


A0-A9 


ADDRESS INPUTS 


WE 


WRITE ENABLE 


CE 


CHIP ENABLE 


I/O1-I/O4 


DATA INPUT/OUTPUT 


Vcc 


POWER (+5V) 


GND 


GROUND 



A4-^ 



AS-^ 



Ae-S- 

AS-®- 



A9 



© 



@ 



® 



TRUTH TABLE 






CE 


WE 


MODE 


I/O 


POWER 


H 
L 
L 


X 
L 
H 


NOT ENABLED 
WRITE 
READ 


HIGHZ 
HIGH-Z 
DoUT 


STANDBY 
ACTIVE 
ACTIVE 



BLOCK DIAGRAM 









INPUT 

DATA 

CONTROL 



MEMORY ARRAY 

54 ROWS 

64 COLUMNS 



COLUMN I/O CIRCUITS 



COLUMN SELECT 



AO ®A1 ^A2 A3 



® 



_®. 



O = PIN NUMBERS 



It- 



-t; 
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inW 



3101, 3101A 
16x4 BIT HIGH SPEED RAM 



Fast Access Time — 35 nsec max 
over 0-75^C Temperature Range 
(31 01 A) 

Simple Memory Expansion through 
Chip Select Input — 17 nsec max over 
O-ZS^'C Temperature Range (31 01 A) 



■ DTL and TTL Compatible — Low Input 
Load Current: 0.25 mA max 



■ OR-Tie Capability — Open Collector 
Outputs 

■ Fully Decoded — on Chip Address 
Decode and Buffer 

■ Minimum Line Reflection — Low 
Voltage Diode Input Clamp 




■ Ceramic and Plastic Package 
Dual ln-]Line Configuration 



16 Pin 



The Intel 3101 and 3101 A are high speed fully decoded 64 bit random access mennories, organized 16 words 
by 4 bits. Their high speed makes them ideal in scratch pad applications. An unselected chip will not generate 
noise at its output during writing of a selected chip. The output is held high on an unselected chip regardless 
of the state of the read/write signal. 

The use of Schottky barrier diode clamped transistors to obtain fast switching speeds results in higher perfor- 
mance than equivalent devices with gold diffusion processes. 

The Intel 3101 and 3101 A are packaged in either hermetically sealed 16 pin ceramic packages, or in low cost 

silicone packages, and their performance is specified over a temperature range from 0°C to 75°C. 

The storage cells are addressed through an on chip 1 of 16 binary decoder using four input address leads. 

A separate Chip Select lead allows easy selection of an individual package when outputs are OR-tied. 

In addition to the address leads and the Chip Select lead, there is a write input which allows data presented at 

the data leads to be entered at the addressed storage cells. 



PIN CONFIGURATION 



ADDRESS INPUT Aj C 1 

chip select csc 2 
write enable we c 3 

data input d,[ 

data output , [ 

data input d2i: 

data output o^i 

gndCZIi 



16 



14 



13 



12 



5 Zl A, address INPUT 
Zl A2 ADDRESS INPUT 
Z] A3 ADDRESS INPUT 
Z] D4 DATA INPUT 
ZJO, DATA OUTPUT 
Z] O3 DATA INPUT 
IDOj D7\TA OUTPUT 



LOGIC SYMBOL 



PIN NAMES 




0^-04 DATA INPUTS 


CS 


CHIP SELECT INPUT 


AQ-A3 ADDRESS INPUTS 


O1-O4 


DATA OUTPUTS 


WE WRITE ENABLE 


Vcc 


POWER (+5V) 



BLOCK DIAGRAM 




O, D2 O2 D3 O3 D4 O4 



TRUTH TABLE 



CHIP 
SELECT 


WRITE 
ENABLE 


OPERATION 


OUTPUT 


LOW 


LOW 


WRITE 


HIGH 


LOW 


HIGH 


READ 


COMPLEMENT OF 
WRITTEN DATA 


HIGH 


LOW 




HIGH 


HIGH 


HIGH 




HIGH 
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3101,3101A 



Absolute Maximum Ratings' 




Temperature Under Bias: Ceramic 


-65oCto+1250C 


Plastic 


-650C to +750C 


Storage Temperature 


-650c to+160oC 


All Output or Supply Voltages 


-0.5 to +7 Volts 


All Input Voltages 


-1.0 to +5.5 Volts 


Output Currents 


100mA 



*COMMENT: 

Stresses above those listed under "Absolute Maximum 
Rating" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device 
at these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 



D.C. Characteristics t^ = o°c to +75 °c, Vcc = b.ov ±5% 


SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


TESTCOIMDITIONS 


'fa 


ADDRESS INPUT LOAD CURRENT 




-0.25 


mA 


V(.^=5.25V, V^=0.45V 


'fd 


DATA INPUT LOAD CURRENT 




-0.25 


mA 


y^^ =5.25V, Vp =0.45V 


'fw 


WRITE INPUT LOAD CURRENT 




-0.25 


mA 


Vcc=5.25V,V^=0.45V 


'fs 


CHIP SELECT INPUT LOAD CURRENT 




-0.25 


mA 


V^^=5.25V, Vg=0.45V 


'ra 


ADDRESS INPUT LEAKAGE CURRENT 




10 


mA 


V^c =5.25V, V^ =5.25V 


'rd 


DATA INPUT LEAKAGE CURRENT 




10 


mA 


Vcc =5.25V,Vj3 =5.25 V 


'rw 


WRITE INPUT LEAKAGE CURRENT 




10 


mA 


V(.c=5.25V, V^=5.25V 


'rs 


CHIP SELECT INPUT LEAKAGE CURRENT 




10 


ma 


V(.c=5.25V, Vs=5.25V 


VCA 


ADDRESS INPUT CLAMP VOLTAGE 




-1.0 


V 


Vc(,=4.75V, l^=-5.0mA 


VcD 


DATA INPUT CLAMP VOLTAGE 




-1.0 


V 


Vc(,=4.75V, lp=-5.0mA 


Vcw 


WRITE INPUT CLAMP VOLTAGE 




-1.0 


V 


V^c =4.75V, lvv=-5.0 mA 


Vcs 


CHIP SELECT INPUT CLAMP VOLTAGE 




-1.0 


V 


V(.(.=4.75V, ls=-5.0mA 


Vol 


OUTPUT "LOW" VOLTAGE 




0.45 


V 


Vc(.=4.75V, Iql = 15 mA 
Memory Stores "Low" 


'CEX 


OUTPUT LEAKAGE CURRENT 




100 


mA 


Vj.j.=5.25V,V^gX=5-25V 
Vs=2.5V 


'cc 


POWER SUPPLY CURRENT 




105 


mA 


Vc(,=5.25V,V^=Vs=Vp=0V 


V.L 


INPUT "LOW" VOLTAGE 




0.85 


V 


Vcc=5-0V 


V,H 


INPUT "HIGH" VOLTAGE 


2.0 




V 


y^^ =5.ov 



Typical Characteristics 

OUTPUT CURRENT 
VS. OUTPUT ''LOW" VOLTAGE 



o 10 



1 I 

Vcc = 5.0V 




/i 


( 




























1 


1 










75" 


c^ 


J 


f 














f 


— -0 


c 






25 


°C— n 


/ 


r 














M 














/ 


1 













-100 
-125 
-150 
-175 
-200 



INPUT CURRENT 
vs. INPUT VOLTAGE 



OUTPUT VOLTAGE (V) 



1.0 2.0 
INPUT VOLTAGE (V) 



INPUT THRESHOLD VOLTAGE 
VS. AMBIENT TEMPERATURE 







25" 


'\ 




1 






7 


5°C- 


F 


^ 




V 


c 






1 


iT 
















1 








































































1 



















Vcc = 


5.0V 












~~" 









25 50 

AMBIENT TEMPERATURE (°C) 



3-108 



3101,3101A 



Switching Characteristics 

Conditions of Test: 

Input Pulse amplitudes: 2.5V 

Input Pulse rise and fall times of 
5 nanoseconds between 1 volt 
and 2 volts 

Speed measurements are made at 1 .5 volt levels 

Output loading is 15mA and 30 pF 



15 mA Test Load ^cc 

>300fi 



30pF 



T 1 

=t ieoon 




READ CYCLE 

Address to Output Delay 



Ao, A., Ao, A. 



0, M^,M2, M3 



CHIP SELECT INPUT 




01,02.03,04 

Chip Select to Output Delay 

Aq, A^, Aj, A3 



\ r 



:t 



CHIP SELECT INPUT 



0^,02,03,04 



^v / 



I r 



WRITE CYCLE 



Aq, Ai, A2, A3, 



CHIP SELECT INPUT 



Dv D2, 03,04 






Data may 
change 



WRITE INPUT 



01,02,03,04 
(Selected Chips)* 



K. 






»- ^^1 — >Ons %R *y' 



>C 



tsR 1-^- 



*0utputs of unselected chips remain high durmg write cycle. 



NOTE 1: top is associated with a read cycle following a write cycle and does hot affect the access time. 



A.C. Characteristics Ta = o°c to +75° c, Vpr = 5.ov ±5% 



READ CYCLE 


SYMBOL 


PARAMETER 


3101A 


3101 


LIMITS (ns) 


LIMITS (ns) 


MIN. 


MAX. 


MIN. 


MAX. 


ts+.ts_ 


Chip Select to Output 
Delay 


5 


17 


5 


42 


<A-.tA + 


Address to Output 
Delay 


10 


35 


10 




60 



CAPACITANCE <2) 



T^ = 25°C 



ClN 


INPUT CAPACITANCE 
(All Pins) 


10 pF 

maximum 


^OUT 


OUTPUT CAPACITANCE 


12 pF 
maximum 



WRITE CYCLE 


SYMBOL 


TEST 


31 01 A 


3101 


LIMITS (ns) 


LIMITS (ns) 


MIN. 


MAX. 


MIN. 


MAX. 


tSR 


Sense Amplifier 
Recovery Time 




35 




50 


twP 


Write Pulse Width 


25 




40 




tow 


Data-Write Overlap 
Time 


25 




40 




tWR 


Write Recovery Time 







5 





NOTE 2: This parameter is periodically sampled and is not 100% 
tested. Condition of measurement is f = 1 MHz, Vj^jas 
= 2V, Vcc = OV, and Ta = 25°C. 
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3101,3101A 



Typical A.C. Characteristics 

ADDRESS TO OUTPUT DELAY 

VS. 

AMBIENT TEMPERATURE 



I 





5.0V ±5% 














^A- 















CHIP SELECT TO OUTPUT DELAY 

VS. 

AMBIENT TEMPERATURE 







Vcc = 5.0V ±5% 










Cl = 30pF 

1 






^ 


30 




















> 

< 












Q 












2 












Z3 


20 




















? 












5 












-1 


10 
n 






»S- 


. 


0. 

I 

O 




















h* 



AMBIENT TEMPERATURE (°C) 



AMBIENT TEMPERATURE {°C) 



ADDRESS & CHIP SELECT TO OUTPUT DELAY 

VS. 

LOAD CAPACITANCE 



WRITE PULSE WIDTH & SENSE 
AMPLIFIER RECOVERY T»ME 
VS. AMBIENT TEMPERATURE 



D.C. LOA 
Ta = 25°C 


V + 5% 
D= 15 mA 


'-/^ 


y^ 
y^ 
y^ 


^ 


y^ 


^Ja-__ 









.>: 


/-' 


^^ 


^^ 


ts- 





Vcc- 


5.0V 
JOpF 


, , , ,. 






*SR 












*WP 













50 100 150 

LOAD CAPACITANCE (pF) 



AMBIENT TEMPERATURE (*«) 
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iny 



5101 FAMILY 
256 X 4 BIT STATIC CMOS RAM 



P/N 


Typ. Current @ 2V 
(MA) 


Typ. Current @ 5V 

(mA) 


Max Access 
(ns) 


5101L 


0.14 


0.2 


650 


5101L-1 


0.14 


0.2 


450 


5101L-3 


0.70 


1.0 


650 




■ Single +5V Power Supply 

■ Ideal for Battery 
Operation (5101L) 



■ Directly TTL Compatible: 
All Inputs and Outputs 

■ Three-State Output 



The Intel® 5101 is an ultra-low power 1024-bit (256 words X 4 bits) static RAM fabricated with an advanced ion-implanted 
silicon gate CMOS technology. The device has two chip enable inputs. Minimum standby current is drawn by this device when 
CE2 is at a low level. When deselected the 5101 draws from the single 5-volt supply only 10 microamps. This device is Ideally 
suited for low power applications where battery operation or battery backup for non-volatility are required. 

The 5101 uses fully DC stable (static) circuitry; it is not necessary to pulse chip select for each address transition. The data is read 
out non-destructively and has the same polarity as the input data. All inputs and outputs are directly TTL compatible. The 5101 
has separate data input and data output terminals. An output disable function is provided so that the data inputs and outputs may 
be wire OR-ed for use In common data I/O systems. 

The 5101 L has the additional feature of guaranteed data retention at a power supply voltage as low as 2.0 volts. 

A pin compatible N-channel static RAM, the Intel® 2101 A, is also available for low cost applications where a 256 X 4 organiza- 
tion is needed. 

The Intel ion-implanted, silicon gate. Complementary MOS (CMOS) process allows the design and production of ultra-low power, 
high performance memories. 



PIN CONFIGURATION 



LOGIC SYMBOL 





TRUTH TABLE 



CEi 


CE2 


OD 


R/W 


Din 


Output 


Mode 


H 


X 


X 


X 


X 


HighZ 


Not Selected 


X 


L 


X 


X 


X 


HighZ 


Not Selected 


X 


X 


H 


H 


X 


HighZ 


Output Disabled 


L 


H 


H 


L 


X 


HighZ 


Write 


L 


H 


L 


L 


X 


Din 


Write 


L 


H 


L 


H 


X 


DoUT 


Read 



BLOCK DIAGRAM 




oo^^ 



As Ag A^ 

©0© 



© = PIN NUMBERS 
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5101 FAMILY 



■ 



Absolute Maximum Ratings ^ 

Ambient Temperature Under Bias -1d°C to 80°C 

Storage Temperature -65°C to +150°C 

Voltage On Any Pin 

With Respect to Ground .... -0.3V to Vcc +0.3V 

Maximum Power Supply Voltage +7.0V 

Power Dissipation 1 Watt 

D. C. and Operating Characteristics 

Ta = 0°C to 70° C, Vcc = 5V ±5% unless otherwise specified. 



*COMMENT: 

Stresses above those listed under "Absolute Maximum 
Rating" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device 
at these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 



Symbol 


Parameter 


5101L and 5101 L-1 

Limits 
Min. Typ.d] Max. 


5101L-3 
Limits 
Min. Typ.IU 


Max. 


Units 


Test Conditions 


lL2l2] 


Input Current 


5 


5 


nA 




llL0lf21 


Output Leakage Current 


1 


1 


MA 


CE1=2.2V, VouT= 
to Vcc 


•cci 


Operating Current 


9 22 


9 


22 


mA 


V|N=Vcc/ Except 
CE1 < 0.65V, 
Outputs Open 


ICC2 


Operating Current 


13 27 


13 


27 


mA 


V|N=2.2V, Except 
CE1 < 0.65V, 
Outputs Open 


ICCJ21 


Standby Current 


10 


200 


ma 


CE2<0.2V,Ta= 
70° C 


V|L 


Input Low Voltage 


-0.3 0.65 


-0.3 


0.65 


V 




V|H 


Input High Voltage 


2.2 Vcc 


2.2 


Vcc 


V 




Vol 


Output Low Voltage 


0.4 


0.4 


V 


loL=2.0mA 


VOH 


Output High Voltage 


2.4 


2.4 


V 


IOH=-''-0mA 



Low Vcc Data Retention Characteristics (For 51 OIL, 5101 L-1 and 5101 L-3) Ta = 0°Cto 70° C 



Symbol 


Parameter 


Min. 


Typ.n] 


Max. 


Units 


Test Conditions 


Vdr 


Vcc for Data Retention 


2.0 






V 


CE2<0.2V 




'CCDRI 


5101 L or 5101 L-1 Data Retention 
Current 




0.14 


10 


MA 


Vdr =2.0 V, 
Ta=70°C 


ICCDR2 


5101 L-3 Data Retention Current 




0.70 


200 


MA 


Vdr=2.0V, 
Ta=70°C 


tCDR 


Chip Deselect to Data Retention Time 









ns 






tR 


Operation Recovery Time 


tRcl31 






ns 







NOTES: 

1 . Typical values are Ta = 25°C and nominal supply voltage. 

2. Current through all inputs and outputs included in IcCL measurennent. 
3- tRc ~ Read Cycle Time. 
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Low Vcc Data Retention Waveform 



Typical IcCDR Vs. Temperature 



SUPPLY — 

VOLTAGE (Vcc) 



CHIP ENABLE (CE2) 



(D 



DATA RETENTION . 



^CDR \ g 

(^ ^D 



(D 



(1) 


4.75V 


(2) 


Vdr 


(3) 


V,H 


(f) 


0.2V 





Vcc = 2V 
1 CE2 = 0.2V 




y 


/ 




VIN 


= 2V 

y 


y 


/ 


/ 




/ 


/ 


/ 











■ 



10 20 30 40 50 
TEMPERATURE {°C) 



A-C. Characteristics Ta = 0°C to 70°C, Vcc = 5V ±5%, unless otherwise specified. 
READ CYCLE 



Symbol 


Parameter 


5101 L-1 

Limits (ns) 

Min. Max. 


5101 Land 

5101L-3 

Limits (ns) 

Min. Max. 


tRC 


Read Cycle 


450 


650 


tA 


Access Time 


450 


650 


tcoi 


Chip Enable (CE 1) to Output 


400 


600 


tC02 


Chip Enable (CE 2) to Output 


500 


700 


tOD 


Output Disable to Output 


250 


350 


tDF 


Data Output to High Z State 


130 


150 


tOHl 


Previous Read Data Valid with 
Respect to Address Change 





b 


tOH2 


Previous Read Data Valid with 
Respect to Chip Enable 









WRITE CYCLE 



two 


Write Cycle 


450 


650 


^AW 


Write Delay 


130 


150 


tcwi 


Chip Enable (CEl) to Write 


350 


550 


tcW2 


Chip Enable (CE 2) to Write 


350 


550 


tow 


Data Setup 


250 


400 


tOH 


Data Hold 


50 


100 


twP 


Write Pulse 


250 


400 


tWR 


Write Recovery 


50 


50 


tDS 


Output Disable Setup 


130 


150 



A. C. CONDITIONS OF TEST 

Input Pulse Levels: +0.65 Volt to 2.2 Volt 

Input Pulse Rise and Fall Times: 20nsec 

Timing Measurement Reference Level: 1.5 Volt 
Output Load: 1 TTL Gate and Cl - lOOpF 



NOTES: 1. Typical values are for Ta = 25° C and nominal supply voltage. 
2. This parameter is periodicaily sampled and is not 100% tested. 



J2]. 



Capacitance ta = 25°c, f = i mhz 



Symbol 


Test 


Limits (pF) 


Typ. 


Max. 


C|N 


Input Capacitance 

(All Input Pins) V|n = OV 


4 


8 


COUT 


Output Capacitance Vqut ^ 0^ 


8 


12 
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Waveforms 



READ CYCLE 



■ 



•Z)( 



■/ 



(COMMON 1/0)'^ 



DATA 
OUT 



■^. 



■V -" — 'oi 



:x 



WRITE CYCLE 






t^c ► 




ADDRESS >/ 




t 
















^ 






f 




CTl 


^ 
















. "'V 




\ 




r 












OD 
{COMMON I/O) '2' y 


'aw \^ 


^ 




^ 


'dh 


/ — 




DATA 
IN 


\/ DATA IN 
A STABLE 












— 


_ 


UVV 




^ twR i^ 




R W 




y 






_, 


r 







NOTES: 

1 . OD may be tied low for separate I/O operation. 

2. During the write cycle, OD is "high" for common I/O and 
"don't care" for separate I/O operation. 
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Read Only Memory 4 







MOS EPROM AND ROM FAMILY 

















Maximum 


Operating 










No. 




No. 




Maximum 


Power 


Temperature 


Power 








of 




of 


Output^^' 


Access 


Dissipation 


Range 


Supply 






Type 


Bits 


Organization 


Pins 


(ns) 


(mW) 


(''C) 


(V) 


Page No. 


1 
i 


2316E 


16384 


2048 X 8 


- 


T.S. 


450 


630 


0to70 


5V±10% 


4-12 


2332A 


32768 


4096 X 8 


24 


T.S. 


TBD 


TBD 


0to70 


5V±10% 


4-15 


2364A 


65536 


8192 X 8 


28 


T.S. 


TBD 


TBD 


0to70 


5V±10% 


4-16 


s<!3s 


















5V±5% 




*" 5 2 S 


2608 


8192 


1024 X 8 


24 


T.S. 


450 


800 


0to70 


12V ±5% 


4-17 


ii»' 


















-5V±5% 






1702A 


2048 


256x8 


24 


T.S. 


1 MS 


885 


0to70 


5V±5% 
-9V±5% 






1702A-2 


2048 


256x8 


24 


T.S. 


650 


959 


Oto 70 


5V±5% 
-9V±5% 


4-5 




1702A-6 


2048 


256x8 


24 


T.S. 


1.5 ms 


885 


0to70 


5V±5% 
-9V±5% 




M1702A 


2048 


256x8 


24 


T.S. 


850 


960 


-55 to 100 


5V±10% 
-9V±10% 


14-5 


1702AL 

1702AL-2 


2048 
2048 


256x8 
256x8 


24 
24 


T.S. 
T.S. 


1 MS 

650 


221 
221 


Oto 70 
Oto 70 


5V±5% 
-9V±5% 

5V ± 5% 
-9V±5% 


4-9 


















5V±5% 






2704 


4096 


512x8 


24 


T.S. 


450 


800 


Oto 70 


12V ±5% 


4-20 




















-5V±5% 




















5V±5% 




K 


2708 


8192 


1024 X 8 


24 


T.S. 


450 


800 


Oto 70 


12V ±5% 




i 


















-5V±5% 




















5V±5% 






2708L 


8192 


1024 X 8 


24 


T.S. 


450 


425 


to 70 


12V ±5% 
-5V±5% 
5V ± 5% 


4-21 




2708-1 


8192 


1024 X 8 


24 


T.S. 


350 


800 


Oto 70 


12V ±5% 
-5V±5% 




12708 


8192 


1024 X 8 


24 


T.S. 


450 


800 


- 40 to 85 


12V ±5% 


13-4 




















-5V±5% 




M2708 


8192 


1024 X 8 


24 


T.S. 


450 


750 


-55 to 100 


12V ±10% 


14-22 




















-5V±10% 




2716 


16384 


2048 X 8 


24 


T.S. 


450 


525/132^2] 


Oto 70 


5V±5% 






2716-1 


16384 


2048 X 8 


24 


T.S. 


350 


550/138^2] 


Oto 70 


5V±10% 


4-23 




2716-2 


16384 


2048 X 8 


24 


T.S. 


390 


525/13212] 


Oto 70 


5V±5% 




12716 


16384 


2048 X 8 


24 


T.S. 


450 


603/165^21 


- 40 to 85 


5V±5% 


13-5 


M2716 


16384 


2048 X 8 


24 


T.S. 


450 


603/165^2] 


-55 to 100 


5V±10% 


14-28 


2732 


32768 


4096 X 8 


24 


T.S. 


450 


788/15812] 


Oto 70 


5V±5% 


4-28 


2758 


8192 


1024 X 8 


24 


T.S. 


450 


525/132^2] 


Oto 70 


5V±5% 


4-31 



Notes: 1. T.S. is a three state output. 
2. Static standby mode feature. 



ROM and PROIVI Programnning Instructions 4-48 



Disk LI, file 819-1 
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BIPOLAR PROM FAMILY 



Type 


No. 

of 

Bits 


Organization 


No. 

of 

Pins 


Outputl^J 


IVIaximum 

Access 

(ns) 


iVIaximum 

Power 

Dissipation 

(mW) 


Operating 

Temperature 

Range 


Power 
Supply 


Page 
No. 


3604A 

3604A-2 
3604AL 
3624A 
3624A-2 


4096 
4096 
4096 
4096 
4096 


512x8 
512x8 
512x8 
512x8 
512x8 


24 
24 
24 
24 
24 


o.c. 
o.c. 
o.c. 

T.S. 
T.S. 


70 
60 
90 
70 
60 


895 
895 
685/135121 
895 
895 


0to75 
0to75 
0to75 
0to75 
0to75 


5V±5% 
5V±5% 
5V±5% 
5V±5% 
5V±5% 


4-36 


M3604A 
M3624A 


4096 
4096 


512x8 
512x8 


24 
24 


O.C. 
T.S. 


90 
90 


1045 
1045 


-55 to 125 
-55 to 125 


5V±10% 
5V±10% 


14-33 


3605A 

3605A-1 
3625A 

3625A-1 


4096 
4096 
4096 
4096 


1024x4 
1024x4 
1024x4 
1024x4 


18 
18 
18 
18 


O.C. 
O.C. 
T.S. 
T.S. 


60 
50 
60 
50 


735 
735 
735 
735 


0to75 
0to75 
0to75 
0to75 


5V±5% 
5V±5% 
5V±5% 
5V±5% 


4-39 


M3625A 


4096 


1024x4 


18 


T.S. 


60 


998 


0to75 


5V±5% 


14-35 


3628 

3628-4 


8192 
8192 


1024x8 
1024x8 


24 
24 


T.S. 
T.S. 


80 
100 


998 
998 


0to75 
0to75 


5V±5% 
5V±5% 


4-42 


3636 

3636-1 


16384 
16384 


2048x8 
2048x8 


24 
24 


T.S. 
T.S. 


80 
65 


998 
998 


to 75 
0to75 


5V±10% 
5V±10% 


4-45 


M3636 


16384 


2048x8 


24 


T.S. 


80 


998 


-50 to 125 


5V±5% 


14-38 



Notes: 1. O.C. and T.S. are open collector and three-state 
output respectively. 
2. The 3604AL has a low power dissipation feature. 



ROM and PROM Programming Instructions 4-48 
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BIPOLAR PROM CROSS REFERENCE 









Intel Part Number 


Part 


Prefix and 


Organization 


Direct 


For New 


Number 


Manufacturer 




Replacement 


Designs 


5340-1 


MMI 


512x8 


M3624A 




5341-1 


MMI 


512x8 


M3624A 




5604C 


IM— Intersil 


512x4 


3602A 




5605C 


IM— Intersil 


512x8 


3604A 




5624C 


IM- Intersil 


512x4 


3622A 




5625C 


IM- Intersil 


512x8 


3624A 




6305-1 


MMI 


512x4 




3604A 


6306-1 


MMI 


512x4 




3625A 


6340-1 


MMI 


512x8 


3604A 




6341-1 


MMI 


512x8 


3624A 




6352-1 


MMI 


1024x4 




3625A 


6353-1 


MMI 


1024x4 


3625A 




6380-1 


MMI 


1024x8 




3628 


6381-1 


MMI 


1024x8 


3628 




74S472 


Tl 


512x8 




3624A 


74S473 


Tl 


512x8 




3604A 


74S474 


Tl 


512x8 


3624A 




74S475 


Tl 


512x8 


3604A 




74S570 


National 


512x4 




3604A 


74S571 


National 


512x4 




3625A 


7620-5 


HM-Harris 


512x4 




3604A 


7621-5 


HM- Harris 


512x4 






7640-2 


HM-Harris 


512x8 




M3604A 


7640-5 


HM-Harris 


512x8 


3604A 




7641-2 


HM-Harris 


512x8 




M3624A 


7641-5 


HM-Harris 


512x8 


3624A 




7642-5 


HM-Harris 


1024x4 


3605A 




7643-5 


HM-Harris 


1024 x4 


3625A 




7644-5 


HM-Harris 


1024x4 




3625A 


7680-5 


HM-Harris 


1024x8 




3628 


7681-5 


HM-Harris 


1024x8 


3628 




82S115 


N— Signetics 


512x8 




3624A 


82S115 


S-Signetics 


512x8 




M3624A 


82S130 


N— Signetics 


512x4 




3604A 


82S131 


N-Signetics 


512x4 




3625A 


82S140 


N-Signetics 


512x8 


3604A-2 




82S141 


N-Signetics 


512x8 


3624A-2 




82S136 


N-Signetics 


1024x4 




3625A-1 


82S137 


N— Signetics 


1024x4 


3625A-1 




82S137 


S-Signetics 


1024x4 


M3625A 




82S180 


N— Signetics 


1024x8 




3628 


82S181 


N-Signetics 


1024x8 




3628 


82S182 


N-Signetics 


1024x8 




3628-1 


82S183 


N-Signetics 


1024 X 8 






82S191 


N— Signetics 


2048 X 8 


3636 




82S191 


S— Signetics 


2048 X 8 


M3636 




87S295 


National 


512x8 


3604A 




87S296 


National 


512x8 


3624A 




93436C 


Fairchild 


512x4 




3604A 


93438C 


Fairchild 


512x8 




3604A-2 


93438M 


Fairchild 


512x8 




M3604A 


93446C 


Fairchild 


512x4 




3625A-1 


93448C 


Fairchild 


512x8 




3624A-2 


93448M 


Fairchild 


512x8 




M3624A 


93452C 


Fairchild 


1024x4 


3625A-1 




93453C 


Fairchild 


1024x4 


3625A-1 




93453M 


Fairchild 


1024x4 


M3625A 
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Intel 



1702A 
2K (256 X 8) UV ERASABLE PROM 



1702A-2 


0.65 us Max. 


1702A 


1.0 us Max. 


1702A-6 


1.5 us Max. 



Fast Access Time: Max. 650 ns 

(1702A-2) 

Fast Programming: 2 l\/linutes 

for all 2048 Bits 

All 2048 Bits Guaranteed"^ 

Programmable: 100% Factory 

Tested 



Static MOS: No Clocks Required 
Inputs and Outputs DTL and 
TTL Compatible 
Three-State Output: OR-tie 
Capability 




The 1702A is a 256 word by 8-bit electrically programmable ROM ideally suited for uses where fast turn- 
around and pattern experimentation are important. The 1702A undergoes complete programming and function- 
al testing prior to shipment, thus insuring 100% programmability. 

Initially all 2048 bits of the 1702A are in the "0" state (output low). Information is introduced by selectively 
programming "1"s (output high) in the proper bit location. The 1702A is packaged in a 24 pin dual in-line 
package with a transparent lid. The transparent lid allows the user to expose the 1702A to ultraviolet light to 
erase the bit pattern. A new pattern can then be written into the device. 

The circuitry of the 1702A is completely static. No clocks are required. Access times from 650ns to LSjusare 
available. A 1702AL family is available (see 1702AL data sheets for specifications) for those systems requiring 
lower power dissipation than the 1702A. 

The 1702A is fabricated with silicon gate technology. This low threshold technology allows the design and pro- 
duction of higher performance MOS circuits and provides a higher functional density on a monolithic chip than 
conventional MOS technologies. 

* Intel's liability shall be limited to replacing any unit which fails to program as desired. 



PIN CONFIGURATION 



PIN NAMES 



BLOCK DIAGRAM 



•DATA OUT 1 - 4 (LSB) 
•DATA OUT 2 - 
•DATA OUT 3 - 
•DATA OUT 4 -A : 
•DATA OUT 5-8 
♦DATA OUT 6- 
•DATA OUT 7- 
•DATA OUT 8- 11 (MSB) 
Vcc- 12 



- Vcc 

- Vcc 



- A5 

- Ag 

- A, 



A0-A7 


Address Inputs 


cs 


Chip Select Input 


D0UT1-D0UT8 


Data Outputs 



- cs 

PROGRAM 



•THIS PIN IS THE DATA INPUT LEAD DURING PROGRAMMING 



DATA OUT 1 

f-.--. 


DATA OUT 

____t 


CS-^ 


OUTPUT 
BUFFERS 








PROGRAM-*- 


2048 BIT 

ROM MATRIX 

(256 X 8) 










DECODER 










INPUT 
DRIVERS 




t t- 


--t 



NOTE: In the read mode a logic 1 at the address inputs 
and data outputs is a high and logic is a low. 

U.S. Patent No. 3660819 
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1702 A 

PIN CONNECTIONS 

The external lead connections to the 1702A differ, depending on whether the device is being programmed or used in read mode 
(see following table). In the programming mode, the data inputs 1-8 are pins 4-1 1 respectively. The programming voltages and tim- 
ing are shown in the Data Catalog ROM and PROM Programming Instructions section. 



^^^^~---~-...__^ PIN 
MODE ^~~~~~^^^~-^-.___ 


12 

(Vcc) 


13 
(Program) 


14 
(CS) 


15 
(Vbb) 


16 
(Vgg) 


22 

(Vcc) 


23 

(Vcc) 


24 
(Vdd) 


Read 


Vcc 


Vcc 


GND 


Vcc 


Vgg 


Vcc 


Vcc 


Vdd 


Programming 


GND 


Program Pulse 


GND 


Vbb 


Pulsed Vgg 


GND 


GND 


Pulsed Vdd 



Absolute Maximum Ratings* 

Ambient Temperature Under Bias -10°Cto +80°C 

Storage Temperature -65 °C to +125°C 

Soldering Temperature of Leads (10 sec) +300°C 

Power Dissipation 2 Watts 

Read Operation: Input Voltages and Supply 

Voltages with respect to Vqq . +0.5V to -20V 

Program Operation: Input Voltages and Supply 

Voltages with respect to \/qq —48V 



^COMMENT 

Stresses above those listed under "Absolute Maximum Rat- 
ings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at 
these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 
Exposure to Absolute Maximum Rating conditions for ex- 
tended periods may affect device reliability. 



D.C. and Operating Characteristics 

READ OPERATION 


Ta = 0°C to 70°C, Vcc = +5V ±5%, Vdd = 
unless otherwise noted. 


-9V ±5%, Vgg = -9v ±5%, 


Symbol 


Test 


1702A, 1702A-6 Limits 
Min. Typ.HJ Max. 


Min. 


1702A-2 Limits 
Typ.fU Max. 


Unit 


Conditions 


Ili 


Address and Chip Select 
Input Load Current 


1 


1 


/^ 


V||M = O.OV 


Ilo 


Output Leakage Current 


1 


1 


iuA 


VoUT=0.0V,CS = V,H2 


Iddi^^J 


Power Supply Current 




35 


50 




40 


60 


mA 


CS = V|H2JoL=0-0mA, 
Ta = 25°C, Continuous 


IdD2 


Power Supply Current 




32 


46 




37 


55 


mA 


CS = O.OV,loL = 0.0mA, 
Ta = 25°C, Continuous 


'dD3 


Power Supply Current 




38 


60 




43 


65 


mA 


CS=V|H2JoL = 0-0mA, 
Ta = 0°C, Continuous 


'CFI 


Output Clamp Current 




8 


14 




7 


13 


mA 


Vout=-1-0V, 

Ta = 0°C, Continuous 


'CF2 


Output Clamp Current 




7 


13 




6 


12 


mA 


Vout = -1-0V, 

Ta = 25°C, Continuous 


'gg 


Gate Supply Current 


1 


1 


iuA 




V|L1 


Input Low Voltage 
forTTL Interface 


-1 




0.65 


-1 




0.65 


V 




V|L2 


Input Low Voltage 
for MOS interface 


Vdd 




Vcc-6 


Vdd 




Vcc-6 


V 




Vmi 


Addr. Input High Voltage 


Vcc-2 




Vcc+0.3 


Vcc-2 




Vcc+0.3 


V 




V|H2 


ChipSel. Input High Volt. 


Vcc-2 




Vcc+0.3 


Vcc-1.5 


Vcc+0.3 


V 




lOL 


Output Sink Current 


1.6 


4 




1.6 


4 




mA 


VoUT = 0-45V 


'oh 


Output Source Current 


-2.0 


-2.0 


mA 


VouT = O.OV 


Vol 


Output Low Voltage 




-3 


0.45 




-3 


0.45 


V 


l0L= 1-6mA 


VOH 


Output High Voltage 


3.5 


4.5 




3.5 


4.5 




V 


loH = -200iLtA 



Note 1 : Typical values are at nominal voltages and Ta = 25° C. 
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A.C. Characteristics 

T^ = 0° C to +70°C, V^c = +5V ±5%, V^^^ 



1702 A 



= ~9V ±5%, Vqq = -9V ±5% unless otherwise noted 



Symbol 


Test 


1702A 

Limits 

Min. Max. 


1702A-2 

Limits 

Min. Max. 


1702A-6 

Limits 

Min. Max. 


Unit 




Freq. 


Repetition Rate 


1 


1.6 


0.66 


MHz 




tQH 


Previous Read Data Valid 


0.1 


0.1 


0.1 


MS 




tACC 


Address to Output Delay 


1 


0.65 


1.5 


MS 




tcs 


Chip Select Delay 


0.1 


0.3 


0.6 


MS 


B 


tec 


Output Delay From CS 


0.9 


0.35 


0.9 


MS 


H 


too 


Output Deselect 


0.3 


0.3 


0.3 


MS 


H 



Capacitance'' t^ =25°c 



SYMBOL 


TEST 


TYPICAL 


MAXIMUM 


UNIT 


CONDITIONS 


C.N 


Input Capacitance 


8 


15 


PF 


CS=Vcc 
Vqut = Vcc 
Vgg = Vcc _ 


All 

unused pins 


^OUT 


Output Capacitance 


10 


15 


pF 


are at A.C. 
ground 



*This parameter is periodically sampled and Is not 100% tested. 



Switching Characteristics 

Conditions of Test: 

Input pulse amplitudes: to 4V; tp , tp <50 ns 

Output load is 1 TTL gate; measurements made 

at output of TTL gate (tpD<15 ns), Cl= 15pF 



A) READ OPERATION 



-CYCLE TIME 1/FREQ- 



JDRESS Y| 



-*-! ^cs p- 



X 



1 

CS 1 

V 1 


^ 


1 




1 








DATA 1 
OUT ^ * 


DATA OUT 
INVALID 


\ > 


1 

\ 



B) DESELECTION OF DATA OUTPUT IN OR-TIE 
OPERATION 



JDRESS ¥ 



-e<^ 



DATA OUT j 
INVALID 






X 



47 



1702 A 



Typical Characteristics 



output current vs. 
Vdd supply voltage 



OUTPUT CURRENT VS. 
TEMPERATURE 



1 

2 


■ 

vcc 

- ^GG 

Vol 


= +5V 
= -9\, 
= +.4E 
= 25° 












z 

3 2 


V / 

c/ 


'' 




























Spec 
Oper 


fied 
ning Ra 


nge 


-^ 


^ 








.o ' 


<<, 


















1 " 




1 1 
5 _6 -7 -8 
J SUPPLY VOLTAGE (V) 


- 


9 


- 


. 


CC 
5 




1 
Vcc =^5V 
Vgg = -9V - 
Vqh =o.ov 

T;;^ = 25°C 












i 
















^ ^"^ 




V 
















1 
5 . 

























< 














... 






E 




















^ 
















Vcc = +5V 




IT 




















^ 






\ 










Vdd=-9V 




i£ 


4 






\ 


s 






Vgg=-9V 




V, 








\ 






Vol- + 45V- 
















s 


































































t; 










cs = o.ov " 


v^^ 










o 


















^ 


































o 


3 





































































































1 


L i 1 1 1 1 1 I 1 1 1 J 

10 20 30 40 50 60 70 80 90 ^ 








AMBIENT TEMPERATURE (°C) 






z 






1 






































CC 

3 






Vcc = +5V 
















o 






Vdd=-9V 


















-3 






G=-9V 
















§ 




Vc 




















VoH= oov 
















t; 


















..-^ 








^ 














' 


CS = o.ov 


















































I 
























-4 





















OUTPUT SINK CURRENT 
VS. OUTPUT VOLTAGE 





















< 
E 


12.0- 
10.0- 




Vcc 


= +5V 






£ 


Vdd = -9V 
Vgg - -9v 




-- -1 


1 


Ta 

1 


= 25°( 


/ 




1 


z °" 


1 
cs = o.ov 
> 


y 








1 .. 


^ 


/^ 










_o 


K 












^ 


z' 













-2 -1 +1 +2 +3 

OUTPUT VOLTAGE (VOLTS) 



Idd current VS. TEMPERATURE 





iy 










J_LL1^ 




\ 












Vcc = +5V 






s. 










Vdd=-9V 




\ 


\ 


s 








Vgg=-9V 






s 


\ 








INPUTS = Vcc 






\ 




\ 






OUTPUTS / 

1 1 ±_ J 


\RE 


OPE 


N 








\ 




\ 
























\ 




\rs = 


Vcc 


















\ 




\ 
























\ 


s 






















cs 


= 0.0V^ 






































;' 



























AMBIENT TEMPERATURE (°C) 



ACCESS TIME VS. 
LOAD CAPACITANCE 



ACCESS TIME VS. 
TEMPERATURE 



900 
800 
700 
600 
500 
400 
300 
200 
100 




























1 


02A 






_ 




h— 

















■~1 

v 


TIL 


L0AD~1 














V 


DD = -9V 














V 


3G = -9V 






17 


02A 


2 


_ 


T( 


V 


1 


p 































































10 20 30 40 50 60 70 80 90 100 
LOAD CAPACITANCE (pF) 



90U 
800 






















1702A 













600 
500 
400 
300 
200 
100 






' 




1 


TTLLO 

ycc=+5\ 

^D = -9\ 
^GG = -9^ 


^D = 20 p 


F 










\ 


/ - 

1 
















1 










~JL 


^]^ 


; 



































































10 20 30 40 50 60 70 80 90 
AMBIENT TEMPERATURE TO 
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inl^l 1 702AL, 1 702AL-2 

2K (256 X 8) UV ERASABLE LOW POWER PROM 



Part No. 


MAXIMUM 
ACCESS (MS) 


tDVGG (MS) 


1702AL 


1.0 


0.4 


1702AL-2 


0.65 


0.3 



Clocked Vgg Mode for Low 

Power Dissipation 

Fast Programming: 2 IVIinutes 

for all 2048 Bits 

All 2048 Bits Guaranteed* 

Programmable: 100% Factory 

Tested 



Inputs and Outputs DTL and TTL 

Compatible 

Three-State Output: OR-tie 

Capability 



The 1702AL is a 256 word by 8 bit electrically programmable ROM and is the same chip as the industry standard 1702A. The 
programming and erasing specifications are identical to the 1702A. The 1702AL operates with the Vqg clocked to reduce the 
power dissipation. 

Initially all 2048 bits of the 1702AL are in the "0" state (output low). Information is introduced by selectively programming 
"1"s (output high) in the proper bit location. The 1702AL is packaged in a 24 pin dual in-line package with a transparent lid. The 
transparent lid allows the user to expose the 1702AL to ultraviolet light to erase the bit pattern. A new pattern can then be 
written into the device. 

The 1702AL is fabricated with silicon gate technology. This low threshold technology allows the design and production of high 
performance MOS circuits and provides a higher functional density on a monolithic chip than conventional MOS technologies. 

*lnters liability shall be limited to replacing any unit which fails to program as desired. 



PIN CONFIGURATION 



•DATA OUT 1 
•DATA OUT 2 
•DATA OUT 3 
•DATA OUT 4 - 
•DATA OUT 5 
•DATA OUT 6- 
•DATA OUT 7- 
•DATA OUT 8- 
Vcc" 



PIN NAMES 



BLOCK DIAGRAM 



DATA OUT 1 DATA OUT 8 



A0-A7 


Address Inputs 


cs 


Chip Select Input 


^OUT1~'^OUT8 


Data Outputs 



OUTPUT 
BUFFERS 



INPUT 
DRIVERS 



TT 



•THIS PIN IS THE DATA INPUT LEAD DURING PROGRAMMING 



NOTE: In the read mode a logic 1 at the address inputs 
and data outputs is a high and logic is a low. 

U.S. Patent No. 3660819 
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1702AL, 1702AL2 



PIN CONNECTIONS 

The external lead connections to the 1702AL differ, depending on whether the device is being programmed or used in read mode 
(see following table). In the programming mode, the data inputs 1-8 are pins 4-1 1 respectively. The programming voltages and tim- 
ing are shown in the Data Catalog ROM and PROM Programming Instructions section. 



MODE ^^~"~^^~~---.^_^ 


12 

(Vcc) 


13 
(Program) 


14 
(CS) 


15 
(Vbb) 


16 
(Vgg) 


22 

(Vcc) 


23 

(Vcc) 


24 
(Vdd) 


Read 


Vcc 


Vcc 


GND 


Vcc 


Clocked Vgg 


Vcc 


Vcc 


Vdd 


Programming 


GND 


Program Pulse 


GND 


Vbb 


Pulsed Vgg 


GND 


GND 


Pulsed Vdd 



Absolute Maximum Ratings* 

Ambient Temperature Under Bias -10°Cto +80°C 

Storage Temperature -65 °C to +125°C 

Soldering Temperature of Leads (10 sec) +300^0 

Power Dissipation 2 Watts 

Read Operation: Input Voltages and Supply 

Voltages with respect to Vqq . +0.5 V to -20V 

Program Operation: Input Voltages and Supply 

Voltages with respect to V^^ -48V 



^COMMENT 

Stresses above those listed under "Absolute Maximum Rat- 
ings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at 
these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 
Exposure to Absolute Maximum Rating conditions for ex- 
tended periods may affect device reliability. 



D.C. and Operating Characteristics TA=o°cto7o°c,vcc=+5v±5%, vdd = -9v±5%, vgg^^^ =-9v±5 

READ OPERATION unless otherwise noted. 



Symbol 


Test 


Min. 


1702AL Limits 
Typ.[2] Max. 


1702AL-2 Limits 
Min. TypJ2] Max. 


Unit 


Conditions 


Ili 


Address and Chip Select 
Input Load Current 


1 


1 


UA 


V,N = O.OV 


Ilo 


Output Leakage Current 


1 


1 


iuA 


VouT=O.OV,CS = Vcc-2 


IddoiI^^ 


Power Supply Current 




7 


10 




7 


10 


mA 


Ta=25°CcS=V,h,Vgg=Vcc, 


IdD02 


Power Supply Current 


15 1 


15 1 


mA 


Ta=0°C loL=O.OmA 


iDDlfll 


Power Supply Current 




35 


50 




35 


50 


mA 


CS = Vcc-2,loL=0.0mA, 
Ta = 25°C, Continuous 


IdD2 


Power Supply Current 




32 


46 




32 


46 


mA 


CS = O.OV,loL = 0-OniA, 
Ta = 25°C, Continuous 


IdD3 


Power Supply Current 




38 


60 




38 


60 


mA 


CS = Vcc-2JoL = 00mA, 
Ta = 0°C, Continuous 


'CFI 


Output Clamp Current 




8 


14 




5.5 


8 


mA 


VouT = -10V, 

Ta = 0°C, Continuous 


ICF2 


Output Clamp Current 




7 


13 




5 


7 


mA 


VouT = -1-0V, 

Ta = 25°C, Continuous 


'gg 


Gate Supply Current 


1 


•^ 




1 


M 




V|L1 


Input Low Voltage 
for TTL Interface 


-1 




0.65 


-1 




0.65 


V 




V|L2 


Input Low Voltage 
for M OS Interface 


Vdd 




Vcc-6 


Vdd 




Vcc-6 


V 




V|H 


Address and Chip Select 
Input High Voltage 


Vcc-2 




Vcc+0.3 


Vcc-2 




Vcc+0.3 


V 




"OL 


Output Sink Current 


1.6 


4 




1.6 


4 




mA 


VouT = 0.45V 


'oh 


Output Source Current 


-2.0 


-2.0 


mA 


VouT = O.OV 


Vol 


Output Low Voltage 




-3 


0.45 




-3 


0.45 


V 


l0L= l-6mA 


VOH 


Output High Voltage 


3.5 


4.5 




3.5 


4.5 




V 


Iqh = -200/jA 



NOTES: 1. The 1702AL is operated with the Vgg clocked to obtain low power dissipation. The average Idd will vary between IddO a"d IddI (at 
25° C) depending on the Vgg duty cycle (see curve opposite). 2. Typical values are at nominal voltage and Ta - 25° C. 
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1702AL, 1702AL-2 



TYPICAL CHARACTERISTICS 

AVERAGE CURRENT VS. DUTY 
CYCLE FOR CLOCKED Vqg 
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_ 


1 
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ACCESS TIME VS. 
TEMPERATURE 
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Vgg =- 
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OUTPUT SINK CURRENT 
VS. OUTPUT VOLTAGE 



10 20 30 40 50 60 70 80 90 100 
DUTY CYCLE (%) 























% 


12.0- 
10.0- 




Vcc 


= +5V 








z 


Vdd = -9V 

Vgg - -9v 






I 


1 


'V 






z °" 


1 

CS •-= o.ov 


X 








Z> 60 


y 


y 










V 












^ 


/" 













10 20 30 40 50 60 70 80 90 
AMBIENT TEMPERATURE («>C> 



OUTPUT VOLTAGE (VOLTS) 



A.C. CHARACTERISTICS Ta = 0°C to +70° C, Vcc = +5V ±5%, Vqd = -9V ±5% unless otherwise noted 



Symbol 


Test 


1702AL 

Limits 

Min. Max. 


1702AL-2 

Limits 

Min. Max. 


Unit 


Freq. 


Repetition Rate 


1 


1.6 


MHz 


tACC 


Address to output delay 


1 


0.65 


MS 


*DVgg 


Clocked Vqg set up 


0.4 


0.3 


/xs 


tcs 


Chip select delay 


0.1 


0.3 


MS 


too 


Output delay from CS 


0.9 


0.35 


MS 


tQD 


Output deselect 


0.3 


0.3 


MS 


tQHG 


Data out hold in clocked Vqc mode 


5 


5 


MS 



CAPACITANCE Ta = 25°c 



SYMBOL 


TEST 


TYPICAL 


MAXIMUM 


UNIT 


CONDITIONS 


^IN 


Input Capacitance 


8 


15 


pF 


CS = Vcc 
Vqut ~ Vcc 
Vqg =Vcc _ 


All 


^OUT 


Output Capacitance 


10 


15 


pF 


unused pins 
~ are at A C 


^Vgg 


Vqq Capacitance 
(Notel) 


,— - 


30 


pF 


ground 



*This parameter is periodically sampled and is not 100% tested. 

SWITCHING CHARACTERISTICS 

Conditions of Test: 

Input pulse amplitudes: to 4V; tp, tp <50 ns 

Output load is 1 TTL gate; measurements made at output of TTL gate (tpD<15 ns), Cl = 15pF 



A. READ OPERATION 



B. DESELECTION OF DATA OUTPUT IN OR 
OPERATION 



TIE 



X 



■..:=::^ 



•\ 



10% 
90% 



>: 



^Si 



'* *DVGG *" 



DATA 
OUT 



):\ 



— _ ^ W > /■.'.'.■. l . ' .. ' 1 ' V ' 

V DATA VALID )M^ 

^~J ^ <; ^ ^■■■-^■•■•••■■■•■•■- 




DATA 
OUT 
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Intel 



2316E 
16K(2Kx8)ROM 



■ Fast Access Time— 450 ns Max. 
■Single +5V±10% Power Supply 

■ Intel MCS 80 and 85 Compatible 

■ Three Programmable Chip 
Selects for Simple Memory 
Expansion and System Interface 



■ EPROM/ROM Pin Compatible for 
Cost-Effective System 
Development 

■ Completly Static Operation 

■ Inputs and Outputs TTL 
Compatible 

■ Three-State Output for Direct 
Bus Interface 



The Intel® 231 6E is a 16,384-bit static, N-channel MOS read only memory (ROM) organized as 2048 words by 8 bits. Its 
high bit density is ideal for large, non-volatile data storage applications such as program storage. The three-state outputs and 
TTL input/output levels allow for direct interface with common system bus structures. The 231 6E single +5V power supply 
and 450 ns access time are both ideal for usage with high performance microcomputers such as the Intel MCS^'^-80 and 
ivies'^ ^^ -85 devices. 

A cost-effective system development program may be implemented by using the pin compatible Intel 2716 16K UV 
EPROM for prototyping and the lower cost 2616 PROM and 2316E ROM for production. The three 2316E programmable 
chip selects may be defined by the user and are fixed during the masking process. To simplify the conversion from 
2716 prototyping to 2316E production, it is recommended that the 2316E programmable chip select logic levels be 
defined the same as that shown in the below data sheet pin configuration. This pin configuration and these chip select 
logic levels are the same as the 2716. 



PIN CONFIGURATION 



A7C 


1 


^^ 24 


3 vcc 


A6C 


2 


23 


: A8 


abC 


3 


22 


D A9 


A4C 


4 


21 


3 CS3 


A3C 


5 


20 


3 CSi 


A^C 


6 


19 


3 Aio 


AlC 


7 


18 


3 CS2 


AoC 


8 


17 


3 D7 


DoC 


9 


16 


3 06 


DiC 


10 


15 


3 D5 


D2i: 


11 


14 


3 D4 


gndC 


12 


13 


3 D3 


PIN NAMES 


Ao-Aio 


ADDRESS INPUTS 


D7-D0 


DATA OUTPUTS 


CS1-CS3 


CHIP SELECT INPUTS 



BLOCK DIAGRAM 



Do Di D2 D3 D4 D5 D6 D7 



A10 - 
A9- 
A8 - 
A7 - 
A6 - 
A5 - 
A4 - 
A3 - 



I 



OUTPUT BUFFERS 



I I I I I I I 



V DECODER 1 OF 16 X 



16. 384 BIT 
CELL MATRIX 



M » t t t t » 



U-1 



CHIP 
SELECT 
PROG 



J-LL 



CHIP 

SELECT 

INPUT 

BUFFERS 
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2316E 



ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias -lO^Cto 80°C 

Storage Temperature -65°C to +150°C 

Voltage On Any Pin With Respect 

to Ground -0.5V to +7V 

Power Dissipation 1 .0 Watt 



*COMMENT: Stresses above those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or 
at any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device 
reliability. 



D.C. AND OPERATING CHARACTERISTICS 

Ta = 0°C to +70°C, Vcc = 5V ±10%, unless otherwise specified. 



SYMBOL 


PARAMETER 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN. 


TYP.<1) 


MAX. 


•li 


Input Load Current 
(All Input Pins) 






10 


/iA 


V|N = to 5.25V 


•loh 


Output Leakage Current 






10 


ma 


Chip Deselected, Vqut = ^OV 


•lol 


Output Leakage Current 






-20 


AiA 


Chip Deselected, Vqut = 0.4V 


Ice 


Power Supply Current 




70 


120 


mA 


All Inputs 5.25V Data Out Open 


V|L 


Input "Low" Voltage 


-0.5 




0.8 


V 




V|H 


Input "High" Voltage 


2.4 




Vcc+1.0V 


V 




Vol 


Output "Low" Voltage 






0.4 


V 


l0L = 2.1 mA 


VOH 


Output "High" Voltage 


2.4 






V 


Iqh =-400iuA 


NOTE: 1. Ty 


pical values for T^ = 25" C and no 


minal supply voltage 


. 








A.C. CHARACTERISTICS 

Ta = 0°C to +70°C, Vcc = "•"5V ±10%, unless otherwise specified. 



SYMBOL 


PARAMETER 


LIMITS 


UNIT 


MIN. 


MAX. 


tA 


Address to Output Delay Time 




450 


ns 


tco 


Chip Select to Output Enable Delay Time 




120 


ns 


tQF 


Chip Deselect to Output Data Float Delay Time 


10 


100 


ns 





CONDITIONS OF TEST FOR 
A.C. CHARACTERISTICS 

Output Load 1 TTL Gate and Cl = 100 pF 

Input Pulse Levels 0.8 to 2.4V 

Input Pulse Rise and Fall Times (10% to 90%) 20 ns 

Timing Measurement Reference Level 

Input IV and 2.2V 

Output 0.8V and 2.0V 



CAPACITANCE<2» Ta = 25°C, f = 1 MHz 



SYMBOL TEST 


LIMITS 


TYP. 


MAX. 


C|N All Pins Except Pin Under 
Test Tied to AC Ground 


5pF 


10 pF 


CouT All Pins Except Pin Under 
Test Tied to AC Ground 


10 pF 


15pF 



NOTE: 2. This parameter is periodically sampled and is not 100% 
tested. 
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A.C. Waveforms 



X 




K 



OUTPUT VALID 




Typical System Application (8K x 8 ROM Memory) 



ADDRESS BUS 



IT 



CONTROL BUS 



7^ 



SYSTEM 
BUS 



Al2 /'' /''All 



CHIP 

SELECT 

DECODER 

(INTEL 

8205) 



<D C§2 



•^ CS2 
CS3 



CS2 
CS3 



Iz. 



CS2 
CS3 



D7-D0 

r 



CSi 
ROM 



CSi 
ROM 



CSi 
ROM 
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Intel 



2332A 
32K (4K X 8) ROM 



■ Single +5V±10% Power Supply 

■ Pin for Pin Compatible with the Intel® 
2716 and 2732 EPROMs 

■ Low Power Dissipation: 

150 mA Max Active Current 
30 mA Max Standby Current 



■ Completely Static Operation 

■ Inputs and Outputs TTL Compatible 

■ Three-State Output for Direct Bus 
Interface 

■ MCS-85'r'^ and MCS-Se^M Compatible 

■ Independent Output Enable Function 




The InteP^ 2332A is a single + 5V supply, 32,768-bit N-channel MOS read only memory organized as 4096 words by 
8-bits. The 2332A has a static standby mode which reduces the active power dissipation by more than 75%. 

The 2332A is ideal for microprocessor systems, especially those with common input and output bus structures. The 
separate output control, OE, eliminates bus contention. Three-state outputs and TTL input/output levels further 
simplify system design. 

A cost effective system development program may be implemented by using the pin compatible Intel® 2732, 32K UV 
EPROM for prototyping and the 2332A ROM for volume production. The 2732 is pin for pin compatible to the 2332A in 
all respects. 



PSN CONFiGURATION 



BLOCK DIAGRAM 



A7C 


1 ^ 


■^ 24 


DVCC 


AeC 


2 


23 


DA8 


ASC 




22 


DA9 


A4I: 




21 


DA11 


AaC 




20 


DOE 


A2C 






DAlO 


Aid 






DCE 


AoC 






DO7 


00 c 






Joe 


01 C 


10 




D05 


02 C 


11 




D04 


gndC 


12 




D03 



Vccc>- 
GNDO- 



OE- 
CE- 



Aq-Aii 

ADDRESS 

INPUTS 



JOEAND 
CE LOGIC 



DATA OUTPUTS 
O0-O7 



OUTPUT BUFFERS 



32,768-BIT 
CELL MATRIX 



PIN NAMES 



A0-A11 


ADDRESSES 


CT 


CHIP ENABLE 


51 


OUTPUT ENABLE 


O0-07 


OUTPUTS 
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Intel 



^iifj^„ 



2364A 
64K (8K X 8) BIT ROM 






^^.^|v' 







■ Single +5Vi;10% Power Supply 

■ Pin Compatible to Intel® 2732 EPROM 

■ Completely Static Operation 

■ Static Standby Mode 



■ Inputs and Outputs TTL Compatible 

■ Independent Output Enable Function 

■ Three-State Output for Direct Bus 
Interface 

■ MCS-85 and IVICS-86 Compatible 



The Intel® 2364A is a single + 5V, 65,536-bit N-channel MOS read only memory organized as 8192 words by 8 bits and 
is pin and function compatible with the 2732 UV EPROM. Its high bit density Is Ideal for large, non-volatile data 
storage, such as program storage. The three-state outputs and TTL input/output levels allow for direct interface with 
common bus structures. The 2364A has a static standby mode which reduces the active power dissipation by over 
75%. 

A cost-effective system development program may be implemented by using the Intel® 2732 32K UV EPROM for proto- 
typing and the 2364A ROM for production. The lower 24 pins of the 2364A are the same as the 2732 to facilitate board 
designs In making the transition from EPROM to ROM. 



PIN CONFIGURATION 



BLOCK DIAGRAM 



N.C. C 1 
A12C 2 
A7I: 3 
A6C 4 
AsC 5 
A4C 6 
A3C 7 
A2I: 8 
Aid 9 
AoC 10 
OoC 11 
O1C 12 
02 C 13 
QNDC 14 



DVCC 

27 DCS, 

26 DCS2 

25 DA8 

24 DA9 

23 3A11 

22 DOE 

DAlO 

DCE 

DO7 

D06 

DO5 

DO4 

DO3 



Vcco— 



DATA OUTPUTS 
O0-O7 



CSi, CS2 _ 

gf- 

CE- 



A0-A11 

ADDRESS 

INPUTS 

























CS1.CS20E 

AND UE LOGIC 


► 


OUTPUT BUFFERS 


♦ 




Y 
DECODER 




YGATING 


• 




X 
DECODER 


65,536-BIT 
CELL MATRIX 


• 
• 
• 
• 
• 



























PIN NAMES 



A0-A12 


ADDRESSES 


51E 


OUTPUT ENABLE 


CE 


CHIP ENABLE 


OS 


CHIP SELECT 


N.C. 


NO CONNECTION 
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iny 



2608 



8K (1K X 8) FACTORY PROGRAMMABLE PROM 



Fast Access Time ^ 450 ns Max. 
Pin Compatible to 2708 EPROIM 
Static — No Clocics Required 



■ Data Inputs and Outputs TTL 
Compatible 

■ Three-State Outputs — OR-Tie 
Capability 




The Intel® 2608 is a 8192-bit, one-time factory-programmable MOS PROM organized as 1K words by 8 bits. The elec- 
trical characteristics are specified over the 0°C to 70°C operating temperature range with 5% power supply variation. 
The 2608 features are ideally suited for microprocessor systems: 450 ns maximum access time, three-state outputs for 
common bussing, and TTL inputs/outputs for easy interfacing. The 2608 is fully compatible to the 2708 in all respects. 



PIN CONFIGURATION 



AtC 


1 


24 


Dvtc 


AsC 


2 


23 


D*. 


AsC 


3 


22 


Da, 


A.C 


4 


21 


J^. 


A3C 


5 


20 


3^ 


A.C 


6 


19 


3^ 


A,C 


7 


18 


3vss 


(LSBlAoC 


8 


17 


U07 (MSB) 


(LSBIOoC 


9 


16 


D06 


o,C 


10 


15 


D06 


ojC 


11 


14 


D04 


VSsC 


12 


13 


D03 



BLOCK DIAGRAM 



DATA OUTPUT 
O0-O7 

i_ 









1 














^ 






CHIP SELECT 
LOGIC 




OUTPUT BUFFERS 














III 


Y 
DECODER 




Y GATING 








: 




"3 






X 
DECODER 


64 X 128 
ROM ARRAY 






ADDRESS - 
INPUTS 






A - 




f'— r 




a' I 




Ik— 































PIN NAMES 



A0A9 


ADDRESS INPUTS 


OvOs 


DATA OUTPUTS/INPUTS 


cS 


CHIP SELECT/WRITE ENABLE INPUT 



MODE SELECTION 



MODE 


PIN NUMBER 


DATA I/O 
9-11 
13-17 


ADDRESS 

INPUTS 

1-8, 

22,23 


Vss 
12 


\^ 


CS 
20 


Vbb 

21 ^ 


Vcc 
24 


READ 


DoUT 


A,N 


GND 


+12 


V,t 


-5 


+5 


DESELECT 


HIGH IMPEDANCE 


DON'T CARE 


GND 


+12 


V,H 


-5 


+5 
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2608 



Absolute Maximum Ratings* 

Temperature Under Bias -25°C to +85°C 

Storage Temperature -65°C to +125°C 

Vdd With Respect to Vbb +20V to -0.3V 

Vcc and Vss With Respect to Vbb +15V to ~0.3V 

All Input or Output Voltages With Respect 

to Vbb +15V to -0.3V 



♦COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation 
of the device at theseor any other conditions above 
those indicated in the operational sections of this 
specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may 
affect device reliability. 



D.C. and Operating Characteristics 

Ta = 0°C to 70°C, Vcc = +5V ±5%, Vqd = +12V ±5%, Vbb^^^ = -5V ±5%, Vss = OV, unless otherwise noted. 



Symbol 


Parameter 


Min. 


TypJ2l 


Max. 


Unit 


Conditions 


Ili 


Address and Chip Select Input Sink Current 


1 10 


fxA 


V,N = 5.25V or V,N = V,L 


Ilo 


Output Leakage Current 




1 


10 


^A 


VouT = 5.5V, CS/WE = 5V 


Idd'31 


Vdd Supply Current 




50 


65 


mA 


Worst Case Supply Currents: 


Icc'^' 


Vcc Supply Current 




6 


10 


mA 


All Inputs High 


Ibb'3' 


VgB Supply Current 




30 


45 


mA 


CS/WE = 5V;Ta = 0°C 


V|L 


Input Low Voltage 


Vss 




0.65 


V 




V|H 


Input High Voltage 


3.0 




Vcc + 1 


V 




Vol 


Output Low Voltage 


0.45 


V 


l0L=^ 1.6mA 


VoHl 


Output High Voltage 


3.7 


V 


IOH = -100/iA 


VoH2 


Output High Voltage 


2.4 


V 


Iqh --1mA 


Pd 


Power Dissipation 


800 


mW 


Ta = 70°C 



NOTES: 1 . Vbb n^ust be applied prior to Vcc ^"^1 Vdd- Vbb "^^ust also be the last power supply switched off. 

2. Typical values are for Ta = 25°C and nominal supply voltages. 

3. The total power dissipation is specified at 800 mW. It is not calculated by summing the various currents (IdD' 

'CC' 3""^ 'BB^ multiplied by their respective voltages since current paths exist between the various power supplies and Vss- The 
'DD' 'CC' 3nd Ibb currents should be used to determine power supply capacity only. 



Typical Characteristics 

MAXIMUM JUNCTION TEMPERATURE 
VS. AMBIENT TEMPERATURE 



RANGE OF SUPPLY CURRENTS 
VS. TEMPERATURE 



6jA = 80°C/W 
Vcc = 5.25V 
Vdo » 12.6V 
Vbb = -6 25\ 






^ 


^ 


U""^ 















ALL POSSIBLE OPERATING 

CONDITIONS: 

Vcc ° 5.25V 
Vdd = 12.6V 
Vbb = -5.25V 




ACCESS TIME VS. TEMPERATURE 



1 TTL 


LOAD+ IW 


pF 
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2608 



A. C. Characteristics 

Ta = 0°C to 70°C, Vcc = +5V ±5%, Vqd = +12V ±5%, Vbb = -5V ±5%, Vss = OV, unless otherwise noted. 



Symbol 


Parameter 


Limits 


Units 


IVIin. 


Typ. 


Max. 


Ucc 


Address to Output Delay 




280 


450 


ns 


tco 


Chip Select to Output Delay 




60 


120 


ns 


tDF 


Chip Deselect to Output Float 







120 


ns 


toH 


Address to Output Hold 









ns 



CAPACITANCE^^^ Ta = 25°C, f = 1 MHz 



Symbol 


Parameter 


Typ. 


Max. 


Unit. 


Conditions 


C|N 


Input Capacitance 


4 


6 


pF 


V|N = OV 


COUT 


Output Capacitance 


8 


12 


PF 


VOUT = OV 



A.C. TEST CONDITIONS: 

Output Load: 1 TTL gate and Cl = 100 pF 
Input Rise and Fall Times: <20 ns 
Timing Measurement Reference Levels: 0.8V and 
2.8\/ for inputs; 0.8\/ and 2.4V for outputs. 
Input Pulse Levels: 0.65V to 3.0V 



Note: 1 . This parameter is periodically sampled and is not 100% tested. 



Waveforms 



X 



DATA 
OUT 



DATA OUT INVALID 



X 



DATA OUT 
FLOATING 
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intel 



2708/8708* 
8K AND 4K UV ERASABLE PROM 





Max. Power 


Max. Access 


Organization 


2708 


800 mW 


450 ns 


1Kx8 


2708L 


425 mW 


450 ns 


1Kx8 


2708-1 


800 mW 


350 ns 


1Kx8 


2704 


800 mW 


450 ns 


512x8 



■ Low Power Dissipation — 425 mW 
Max. (2708L) 

■ Fast Access Time — 350 ns Max. 
(2708-1) 

■ Static — No Clocl(S Required 



Data Inputs and Outputs TTL 
Compatible during both Read and 
Program Modes 



■ Three-State Outputs — OR-Tie 
Capability 

The Intel® 2708 is a 8192-bit ultraviolet light erasable and electrically reprogrammable EPROM, ideally suited where 
fast turnaround and pattern experimentation are important requirements. All data inputs and outputs are TTL com- 
patible during both the read and program modes. The outputs are three-state, allowing direct interface with common 
system bus structures. 

The 2708L at 425 mW is available for systems requiring lower power dissipation than from the 2708. A power 
dissipation savings of over 50%, without any sacrifice In speed, Is obtained with the 2708L. The 2708L has high input 
noise Immunity and Is specified at 10% power supply tolerance. A high-speed 2708-1 Is also available at 350 ns for 
microprocessors requiring fast access times. For smaller size systems there is the 4096-bit 2704 which is organized as 
512 words by 8 bits. All these devices have the same programming and erasing specifications of the 2708. The 2704 
electrical specifications are the same as the 2708. 

The 2708 family is fabricated with the N-channel silicon gate FAMOS technology and is available in a 24-pin dual in-line 
package. 



PIN CONFIGURATION 



AeC 2 
AsC 3 
A4C * 
A3C 5 
A2C 6 
Aid 7 
(LSB)Ao[I 8 
(LSB)OoC 9 
Old 10 
02 C 11 
\^sC 12 



24 ;3vcc 

23 '2^8 

22 -J Agtil 

21 3^B 
20 ^CS/WE 
19 IDMsd 

18 [] PROGRAM 
17 D07 (MSB) 
16 3 06 
15 305 
14 3 04 
13 D03 



NOTE 1: PIN 22 MUST BE CONNECTED 
TO Vss FOR THE 2704. 



PIN NAMES 



A0-A9 


ADDRESS INPUTS 


01-08 


DATA OUTPUTS/INPUTS 


CS/WE 


CHIP SELECT/WRITE ENABLE INPUT 



BLOCK DIAGRAM 



DATA OUTPUT 
U0-O7 

I 



CHIP SELECT 
LOGIC 



ADDRESS - 
INPUTS 



OUTPUT BUFFERS 



PIN CONNECTION DURING READ OR PROGRAM 



MODE 


PIN NUMBER 


DATA I/O 

9-n, 

13-17 


ADDRESS 
INPUTS 

1-8, 
22,23 


Vss 

12 


PROGRAM 
18 


Vdd 
19 


CS/WE 
20 


Vbb 

21 


Vcc 
24 


READ 


DoUT 


Aim 


GND 


GND 


-H2 


V|L 


-5 


+5 


DESELECT 


HIGH IMPEDANCE 


DON'T CARE 


GND 


GND 


+12 


V|H 


-5 


+5 


PROGRAM 


Dim 


Aim 


GND 


PULSED 
26V 


+12 


VlHW 


-5 


+5 



*Ail 8708 specifications are identical to the 2708 specifications. 
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2708 FAMILY 

PROGRAMMING 

The programming specifications are described in the Data Catalog PROM/ROM Programming Instructions Section. 

Absolute Maximum Ratings* 

Temperature Under Bias -25°C to +85°C *C0MMENT 

Storage Temperature -65°C to +125°C Stresses above those listed under "Absolute Maximum 

Vdd With Respect to Vbb +20V to -0.3V Ratings" may cause permanent damage to the device. 

Vcc and Vss With Respect to Vbb +15V to -0.3V "^^'^ '^ ' '''^'' ^^^'"9 °"'y '"^ functional operation 

.,, , _ », , ,.,. , „ of the device at these or any other conditions above 

All Input or Output Voltages With Respect ,. ^ . ^ *u ^ * i *■ * *u- 

^ f' ^ f^ those mdicated m the operational sections of this 

to Vbb During Read +15V to -0.3V specification is not implied. Exposure to absolute 

CS/WE Input With Respect to Vbb maximum rating conditions for extended periods may 

During Programming +20V to -0.3V affect device reliability. 

Program Input With Respect to Vbb +35V to -0 3V 

Power Dissipation 1.5W 

DC and AC Operating Conditions During Read 






2708 


2708-1 


2708 L 


Temperature Range 


0°C-70°C 


0°C - 70°C 


0°C - 70°C 


Vcc Power Supply 


5V ± 5% 


5V ± 5% 


5V±10% 


Vdd Povyer Supply 


12V ±5% 


12V ±5% 


12V ± 10% 


Vbb Power Supply 


-5V ± 5% 


-5V ± 5% 


-5V± 10% 



READ OPERATION 

D.C. and Operating Characteristics 





Parameter 


2708 


, 2708-1 Limits 


2708L Limits 


Units 




Symbol 


Min. 


TVP.1^1 


Max. 


Min. 


T,p.'21 


Max. 


Test Conditions 


-U 


Address and Chip Select Input Sink Current 


1 10 


1 10 


mA 


V|N = 5.25V or V|N = V|L 


'LO 


Output Leakage Current 


1 10 


1 10 


mA 


VqUT = 5.5V, CS/WE = 5V 


Idd[3] 


Vdd Supply Current 




50 


65 




21 


28 


nnA 


Worst Case Supply Currents''*' 


ICCt3] 


Vcc Supply Current 




6 


10 




2 


4 


mA 


All Inputs High; 


Ibb[3] 


Vbb Supply Current 




30 


45 




10 


14 


mA 


CS/WE = 5V;Ta = 0°C 


V|L 


Input Low Voltage 


Vss 




0.65 


Vss 




0.65 


V 




V|H 


Input High Voltage 


3.0 




Vcc+1 


2.2 




Vcc+1 


V 




Vol 


Output Low Voltage 


0.45 


0.4 


V 


loL" 1.6mA (2708,2708-1) 


IOL = 2mA(2708L) 


Vqhi 


Output High Voltage 


3.7 


3.7 


V 


IOH=-100mA 


V0H2 


Output High Voltage 


2.4 


2.4 


V 


lOH =-1 mA 




Power Dissipation 


800 


325 


mW 


Ta = 70°C 


PD 




425 


mW 


Ta = 0°C 



NOTES: 1 . Vbb must be applied prior to Vcc 3"*^ Vqd- Vbb "^"^t also be the last power supply switched off 

2. Typical values are for Ta = 25° C and nominal supply voltages. 

3. The total power disiipation is not calculated by summing the various currents (Idd< 'CC' ^"^ 'BB' multiplied by their respective vol- 
tages since current paths exist between the various power supplies and Vss- The Idd- 'CC' ^"^ 'BB currents should be used to deter- 
mine power supply capacity only 

4. Ibb *or the 2708L is specified in the programmed state and is 18 mA maximum in the unprogrammed state. 



2708 L 

RANGE OF SUPPLY CURRENTS 

VS. TEMPERATURE 




2708 AND 2708-1 

RANGE OF SUPPLY CURRENTS 

VS. TEMPERATURE 




ACCESS TIME VS. TEMPERATURE 



1TTL 


LOAD ■^ 100 


pf= 




















.^ 


^ 

























2708 FAMILY 



A. C. Characteristics 



Symbol 


Parameter 


2708-1 Limits 
Min. Typ. Max. 


2708, 2708L, Limits 
Min. Typ. Max. 


Units 


tACC 


Address to Output Delay 




280 


350 




280 


450 


ns 


tco 


Chip Select to Output Delay 




60 


120 




60 


120 


ns 


tDF 


Chip Deselect to Output Float 







120 







120 


ns 


tOH 


Address to Output Hold 
















ns 



CAPACITANCE 



[1] 



Ta = 25 C, f = 1 MHz 



Symbol 


Parameter 


Typ. 


Max. 


Unit. 


Conditions 


C|N 


Input Capacitance 


4 


6 


pF 


V|N = ov 


COUT 


Output Capacitance 


8 


12 


PF 


VouT = OV 



Note: 1 . This parameter is periodically sampled and is not 100% tested. 



Waveforms 



A.C. TEST CONDITIONS: 

Output Load: 1 TTL gate and Cl = 100 pF 
Input Rise and Fall Times: <20 ns 
Timing Measurement Reference Levels: 0.8V and 
2.8V for inputs; 0.8V and 2.4V for outputs. 
Input Pulse Levels: 0.65V to 3.0V 



X 



X 



DATA 
OUT 



DATA OUT INVALID 



DATA OUT 
FLOATING 



ERASURE CHARACTERISTICS 



form Intel which should be placed over the 2708 window 
to prevent unintentional erasure. 



The erasure characteristics of the 2708 family are such that 
erasure begins to occur when exposed to light with wave- 
lengths shorter than approximately 4000 Angstroms (A). It 
should be noted that sunlight and certain types of fluores- 
cent lamps have wavelengths in the 3000-4000A range. 
Data show that constant exposure to room level fluores- 
cent lighting could erase the typical device in approxi- 
mately 3 years, while it would take approximately 1 week 
to cause erasure when exposed to direct sunlight. If the 
2708 is to be exposed to these types of lighting conditions 
for extended periods of time, opaque labels are available 



The recommended erasure procedure (see Data Catalog 
PROM/ROM Programming Instructions Section) for the 
2708 family is exposure to shortwave ultraviolet light 
which has a wavelength of 2537 Angstroms (A). The inte- 
grated dose (i.e., UV intensity X exposure time) for erasure 
should be a minimum of 15 W-sec/cm^. The erasure time 
with this dosage is approximately 15 to 20 minutes using an 
ultraviolet lamp with a 12000 juW/cm^ power rating. The 
device should be placed within 1 inch of the lamp tubes 
during erasure. Some lamps have a filter on their tubes 
which should be removed before erasure. 
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2716 
16K (2K X 8) UV ERASABLE PROM 



■ Fast Access Time 

— 350 ns Max. 2716-1 

— 390 ns Max. 2716-2 

— 450 ns Max. 2716 

■ Single + 5V Power Supply 

■ Low Power Dissipation 

— 525 mW Max. Active Power 

— 132 mW Max. Standby Power 



Pin Compatible to Intel® 5V ROMs 
(231 6E, 2332A, and 2364A) and 2732 
EPROM 

Simple Programming Requirements 
Single Location Programming 
Programs with One 50 ms Pulse 

Inputs and Outputs TTL Compatible 
during Read and Program 

Completely Static 



The Intel® 2716 is a 16,384-bit ultraviolet erasable and electrically programmable read-only memory (EPROM). The 2716 
operates from a single 5-volt power supply, has a static standby mode, and features fast single address location program- 
ming. It makes designing with EPROMs faster, easier and more economical. For production quantities, the 2716 user can 
convert rapidly to Intel's pin-for-pin compatible 16K ROM (the 231 6E) or the new 32K and 64K ROMs (the 2332A and 
2364A respectively). 

The 2716, with its single 5-volt supply and with an access time up to 350 ns, is ideal for use with the newer high performance 
-f-5V microprocessors such as Intel's 8085 and 8086. The 2716 is also the first EPROM with a static standby mode which 
reduces the power dissipation without increasing access time. The maximum active power dissipation is 525 mW while the 
maximum standby power dissipation is only 132 mW, a 75% savings. 

The 2716 has the simplest and fastest method yet devised for programming EPROMs - single pulse TTL level programmifu). 
No need for high voltage pulsing because all programming controls are handled by TTL signals. Program any location at any 
time— either individually, sequentially or at random, with the 271 6's single address location programming. Total programming 
time for all 16,384 bits is only 100 seconds. 



PIN CONFIGURATION 



2716 



2732^ 




tReferto2732 
data sheet for 
specifications 



PIN NAMES 



Ao- Aio 1 ADDRESSES | 


CE/PGM 


CHIP ENABLE/PROGRAM 


OE 


OUTPUT ENABLE 


Op-0, 


OUTPUTS 



MODE SELECTION 



^v,^^ PINS 
MODE ^\ 


CE/PGM 
(18) 


OE 

(20) 


Vpp 

(21) 


Vcc 

(24) 


OUTPUTS 
(9-11,13-17) 


Read 


V|L 


V|L 


+5 


+5 


DOUT 


Standby 


V|H 


Don't Care 


+5 


+5 


High Z 


Program 


Pulsed V|i_ to V|H 


V|H 


+25 


+5 


D|N 


Program Verify 


V|L 


V|L 


+25 


+5 


DoUT 


Program Inhibit 


V|L 


V|H 


+25 


+5 


High Z 



BLOCK DIAGRAM 



OUTPUT ENABLE 

CHIP ENABLE AND 

PROG LOGIC 



Ao-AiO 

ADDRESS 

INPUTS 



UATAOUTPUIS 



OUTPUT BUFFERS 
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2716 

PROGRAMMING 

The programming specifications are described in tfie Data Catalog PROM/ROM Programming Instructions Section. 



Absolute Maximum Ratings* 

Temperature Under Bias -10°Cto+80°C 

Storage Temperature -65°C to +125°C 

All Input or Output Voltages with 

Respect to Ground +6V to -0.3V 

Vpp Supply Voltage with Respect 

to Ground During Program +26.5V to -0.3V 



*COMMENT: Stresses above those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sec- 
tions of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device 
reliability. 



DC and AC Operating Conditions During Read 





2716 


2716-1 


2716-2 


Temperature Range 


0°C - 70°C 


0°C - 70°C 


0°C - 70°C 


Vcc Power Supply ^^'^^ 


5V ± 5% 


5.V±10% 


5V ± 5% 


Vpp Power Supply ^^^ 


Vcc 


Vcc 


Vcc 



READ OPERATION 

D.C. and Operating Characteristics 



Symbol 


Parameter 


Limits 


Unit 


Conditions 


Min. 


Typ.^^^ 


Max. 


Ili 


Input Load Current 






10 


ma 


V,N = 5.25V 


Ilo 


Output Leakage Current 






10 


MA 


VouT = 5.25V 


Ippif^l 


Vpp Current 






5 


mA 


Vpp = 5.25V 


Iccif^^ 


Vcc Current (Standby) 




10 


25 


mA 


CE = V,H,OE = V,L 


lcC2f25 


Vcc Current (Active) 




57 


100 


mA 


OE=UF= V|L 


V|L 


Input Low Voltage 


-0.1 




0.8 


V 




V,H 


Input High Voltage 


2.0 




Vcc+1 


V 




Vol 


Output Low Voltage 






0.45 


V 


l0L = 2.1 mA 


VoH 


Output High Voltage 


2.4 






V 

-J 


Ioh = -400mA 



NOTES: 1 . Vcc rnust be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 

2. Vpp may be connected directly to Vcc except during programming. The supply current would then be the sum of Icc ^"d Ippi . 

3. Typical values are for T^ = 25°C and nominal supply voltages. 

4. This parameter is only sampled and is not 100% tested. 

Typical Characteristics 



Ice CURRENT 

vs. 
TEMPERATURE 

























^ 
















CC2A 


CTIVt 


CURRENT 
=5V_^ 


































_ 






ICCI ST^ 


kNDB^ 
CE=V 

vcc= 


CUR 
IH 
5V 


RENT 















10 20 30 40 50 60 
TEMPERATURE ( C) 



ACCESS TIME 



CAPACITANCE 



100 200 300 400 500 600 700 800 

Cl (pF) 
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ACCESS TIME 

vs. 

TEMPERATURE 













































Vcc 


= 5V 




















— - 


— 




■ — ■ 











































10 20 30 40 50 60 70 
TEMPERATURE TO 



2716 



A.C. Characteristics 


Symbol 


Parameter 


2716 Limits 


2716-1 Limits 


2716-2 Limits 


Unit 


Test 
Conditions 


Min Typ^^^ Max 


Min Typ^^^ Max 


Min Typ^^^ Max 


^ACC 


Address to Output Delay 


450 


350 


390 


ns 


CE = OE = V|L 


tCE 


CE to Output Delay 


450 


350 


390 


ns 


OE = V,L 


tOE 


Output Enable to Output Delay 


120 


120 


120 


ns 


CE = V,L 


tDF 


Output Enable High to Output Float 


100 


100 


100 


ns 


CE = V|L 


tOH 


Output Hold from Addresses, CE or 
OE Whichever Occurred First 











ns 


CE = OE = V|L 



Capacitance^^^ Ta = 25°C, f = 1 MHz 



Symbol 


Parameter 


Typ. 


Max. 


Unit 


Conditions 


CjN 


Input Capacitance 


4 


6 


PF 


V,N = OV 


CoUT 


Output Capacitance 


8 


12 


PF 


VoUT = OV 



A. C. Waveforms [1 1 



ADDRESSES 



X 



OE- 



ADDRESSES 
VALID 



\ 



^E 



\ 



[51 
toE 



A.C. Test Conditions: 

Output Load: 1 TTL gate and Cl = 100 pF 
Input Rise and Fall Times: <20 ns 
Input Pulse Levels: 0.8V to 2.2V 
Timing Measurement Reference Level: 

Inputs 1Vand2V 

Outputs 0.8V and 2V 



X 



[5] 

*ACC 



OUTPUT - 



HIGHZ 



^ 



tOH- 




VALID OUTPUT 



1^ 



[61 
tDF 



HIGHZ 



NOTE: 1. Vcc "^^^st be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 

2. Vpp may be connected directly to S/qq except during programming. The supply current would then be the sum of Ice and lppi . 

3. Typical values are for T/^ = 25°C and nominal supply voltages. 

4. This parameter is only sampled and is not 100% tested. 

5. OE may be delayed up to t/^cC ~ ^OE ^^^^^ ^^^ falling edge of CE without impact on t^cc- 

6. tpF is specified from OE or CE, whichever occurs first. 
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TYPICAL 16K EPROM SYSTEM 




This scheme accomplished by using CE (PD) as the primary decode. OE (CS) is now controlled by previously unused 
signal. RD now controls data on and off the bus by way of OE. 

A selected 2716 is available for systems which require CE access of less than 450 ns for decode network operation. 

The use of a PROM as a decoder allows for: 

a) Compatibility with upward (and downward) memory expansion. 

b) Easy assignment of ROM memory modules, compatible with Pl_/M modular software concepts. 



8K, 16K, 32K, 64K 5V EPROM/ROM FAMILY 
PRINTED CIRCUIT BOARD LAYOUT 



Ai2 ^ 




GND ^ 

+5 ^ 



^ Ci 



^ ; J CpMPONENTSI^E ■ | ] ] 

Oo Oi O2 O3 CEi O4 O5 Oe 07 CE2 
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ERASURE CHARACTERISTICS 

The erasure characteristics of the 2716 are such that erasure 
begins to occur when exposed to light with wavelengths 
shorter than approximately 4000 Angstroms (A). It should 
be noted that sunlight and certain types of fluorescent 
lamps have wavelengths in the 3000-4000A range. Data 
show that constant exposure to room level fluorescent 
lighting could erase the typical 2716 in approximately 3 
years, while it would take approximatley 1 week to cause 
erasure when exposed to direct sunlight. If the 2716 is to 
be exposed to these types of lighting conditions for ex- 
tended periods of time, opaque labels are available from 
Intel which should be placed over the 2716 window to 
prevent unintentional erasure. 

The recommended erasure procedure (see Data Catalog 
PROM/ROM Programming Instruction Section) for the 
2716 is exposure to shortwave ultraviolet light which has 
a wavelength of 2537 Angstroms (A). The integrated dose 
(i.e., UV intensity X exposure time) for erasure should be 
a minimum of 15 W-sec/cm^. The erasure time with this 
dosage is approximately 15 to 20 minutes using an ultra- 
violet lamp with a 12000 juW/cm^ power rating. The 2716 
should be placed within 1 inch of the lamp tubes during 
erasure. Some lamps have a filter on their tubes which 
should be removed before erasure. 

DEVICE OPERATION 

The five modes of operation of the 2716 are listed in Table 
I. It should be noted that all inputs for thefive modesare at 
TTL levels. The power supplies required are a +5V Vcc ai^d 
a Vpp. The Vpp power supply must be at 25V during the 
three programming modes, and must be at 5V in the other 
two modes. 

TABLE I. MODE SELECTION 



^\ PINS 
MODE \v. 


CE/PGM 
(18) 


OE 

(20) 


Vpp 

(21) 


Vcc 

(24) 


OUTPUTS 
(9-11,13-17) 


Read 


V|L 


V|L 


+5 


+5 


DOUT 


Standby 


V|H 


Don't Care 


+5 


+5 


High Z 


Program 


Pulsed V,L to V|H 


V|H 


+25 


+5 


DjN 


Program Verify 


V|L 


V|L 


+25 


+5 


DoUT 


Program Inhibit 


V|L 


V|H 


+25 


+5 


HighZ 



READ MODE 

The 2716 has two control functions, both of which must be 
logically satisfied in order to obtain data at the outputs. 
Chip Enable (CE) is the power control and should be used 
for device selection. Output Enable (OE) is the output 
control and should be used to gate data to the output 
pins, independent of device selection. Assuming that 
addresses are stable, address access time (tAcc^ '^ equal to 
the delay from CE to output (tcE)- Data is available at 
the outputs 120_ns (toe) after the falling edge of OE, 
assuming that CE has been low and addresses have been 
stable for at least tAcc — ^qe- 
STANDBY MODE 

The 2716 has a standby mode which reduces the active 
power dissipation by 75%, from 525 mW to 132 mW. The 
2716 is placed in the standby mode by applying a TTL high 
signal to the CE input. When in standby mode, the outputs 
are in a high impedence state, independent of the OE input. 



OUTPUT OR-TIEING 

Because 271 6's are usually used in larger memory arrays, 
Intel has provided a 2 line control function that accomo- 
dates this use of multiple memory connections. The two 
line control function allows for: 

a) the lowest possible memory power dissipation, and 

b) complete assurance that output bus contention will 
not occur. 

To most efficiently use these two control lines, it is recom- 
mended that CE (pin 18) be decoded and used as the 
primary device selecting function, while OE (pin 20) be 
made a common connection to all devices in the array and 
connected to the READ line from the system control bus. 
This assures that all deselected memory devices are in their 
low power standby mode and that the output pins are only 
active when data is desired from a particular memory 
device. 
PROGRAMMING 

Initially, and after each erasure, all bits of the 2716 are in 
the "1" state. Data is introduced by selectively program- 
ming "O's" into the desired bit locations. Although only 
"O's" will be programmed, both "1's" and "O's" can be 
presented in the data word. The only way to change a "0" 
to a "1" is by ultraviolet light erasure. 

The 2716 is in the programming mode when the Vpp power 
supply is at 25V and OE is at V|h. The data to be pro- 
grammed is applied 8 bits in parallel to the data output 
pins. The levels required for the address and data inputs are 
TTL. 

When the address and data are stable, a 50_msec, active 
high, TTL program pulse is applied to the CE/PGM input. 
A program pulse must be applied at each address location 
to be programmed. You can program any location at any 
time — either individually, sequentially, or at random. 
The program pulse has a maximum width of 55 msec. The 
2716 must not be programmed with a DC signal applied to 
the CE/PGM input. 

Programming of multiple 2716s in parallel with the same 
data can be easily accomplished due to the simplicity of 
the programming requirements. Like inputs of the paral- 
leled 2716s may be connected together when they are pro- 
grammed with the same data. A high level TTL pulse 
applied to the CE/PGM input programs the paralleled 
2716s. 
PROGRAM INHIBIT 

Programming of multiple 2716s in parallel with different 
data is also easily accomplished. Except for CE/PGM, all 
like inputs (including OE) of the parallel 2716s may be 
common. A TTL level program pulse applied to a 2716's 
CE/PGM input_with Vpp at 25V will program that 2716. 
A low level CE/PGM input inhibits the other 2716 from 
being programmed. 

PROGRAM VERIFY 

A verify should be performed on the programmed bits to 
determine that they were correctly programmed. The verify 
may be performed wth Vpp at 25V. Except during pro- 
gramming and program verify, Vpp must be at 5V. 
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2732 
32K (4K X 8) UV ERASABLE PROM 



Single +5V ± 5% Power Supply 

Output Enable for MCS-85'^ and 
MCS-86'^ Compatibility 

Fast Access Time: 450ns Max. 

Low Power Dissipation: 
150mA Max. Active Current 
30mA Max. Standby Current 



■ Pin Compatible to Intel® 2716 EPROM 
and 2332/2364 ROMs 

■ Completely Static 

■ Simple Programming Requirements 
-- Single Location Programming 
— Programs with One 50ms Pulse 

■ Three-State Output for Direct Bus 
Interface 



The Intel® 2732 is a 32,768-bit ultraviolet erasable and electrically programmable read-only memory (EPROM). The 2732 
operates from a single 5-volt power supply, has a standby mode, and features an output enable control. For production, the 
pin compatible 2332 and 2364 ROMs are available. The total programming time for all bits is three and a half minutes. All 
these features make designing with the 2732 in microcomputer systems faster, easier, and more economical. 

An important 2732 feature is the separate output control. Output Enable (OE), from the Chip Enable control (CE). The OE 
control eliminates bus contention in multiple bus microprocessor systems. Intel's Application Note AP-30 describes the 
microprocessor system implementation of the OE and CE controls on Intel's 2716 and 2732 EPROMs. AP-30 is available 
from Intel's Literature Department. 

The 2732 has a standby mode which reduces the power dissipation without increasing access time. The maximum active 
current is 150mA, while the maximum standby current is only 30mA, an 80% savings. The standby mode is achieved by 
applying a TTL-high signal to the CE input. 



PIN CONFIGURATION 



AyC 


1 ^ 


^ 24 


DVcc 


AeC 


2 


23 


DAg 


AbC 


3 


22 


DA9 


A4C 


4 


21 


DA11 


A3C 


5 


20 


D OE/Vpp 


AzC 


6 


19 


:iAio 


AiC 


7 


18 


Del 


%L 


8 


17 


DO7 


OoC 


9 


16 


DOg 


O1E 


10 


15 


DO5 


O2C 


11 


14 


DO4 


ndE 


12 


13 


DO3 



PIN NAMES 



A0-A11 


ADDRESSES 


CE 


CHIP ENABLE 


OE 


OUTPUT ENABLE 


O0-O7 


OUTPUTS 



MODE SELECTION 





CE 
(18) 


OE/Vpp 
(20) 


Vcc 

(24) 


OUTPUTS 
(9-11,13-17) 


Read 


V|L 


V|L 


+5 


DOUT 


Standby 


V|H 


Don't Care 


+5 


High Z 


Program 


V|L 


Vpp 


+5 


D|N 


Program Verify 


V,L 


V,L 


+5 


Dqut 


Program Inhibit 


V|H 


Vpp 


+5 


HighZ 



BLOCK DIAGRAM 



data outputs 
O0-O7 



OE- 

51- 



JOE AND 
CE LOGIC 



A0-A11 

ADDRESS 

INPUTS 



Y 
DECODER 



X 
DECODER 



OUTPUT BUFFERS 



32.768BIT 
CELL MATRIX 
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2732 ^^^^^ 

PROGRAMMING ''%^:: :^^:^^i 4^^ 

The programming specifications are described in the Data Catalog PROM/ROM Programming lri$tf;!4M(^nV^^0lJl^ri, 
ABSOLUTE MAXIMUM RATINGS* comment ' '^''^{.;f;^.,''-^>i' 

Stresses above those listed under "Absolute Maximum Ratings" rfi'^ay eacis^ 

Temperature Under Bias -10°C to +80°C permanent damage to the device. This is a stress rating only and functf^i;iai 

Storage Temperature -65° C to +125°C operation of the device at these or any other conditions above thcise 

All ir,rM.+ /^K o..*rM.t v/^ito'«ll \l/i*K indicated in the operational sections of this specification is not implied. 

All mpUT or UUipui VOIiages Wlin Exposure to absolute maximum rating conditions for extended periods 

Respect to Ground +6V to -0.3V may affect device reliability. 



#Vf 



D.C. AND OPERATING CHARACTERISTICS 

Ta = 0°C to 70° C, Vcc = +5V ± 5% 



READ OPERATION 





Parameter 


Limits 


Unit 




Symbol 


Min. 


Typ.MI 


Max. 


Conditions 


Ilii 


Input Load Current (except OE/Vpp) 






10 


^xA 


ViN = 5.25V 


IlI2 


OE/Vpp Input Load Current 






300 


mA 


ViN = 5.25V 


Ilo 


Output Leakage Current 






10 


mA 


VouT = 5.25V 


icci 


Vcc Current (Standby) 




15 


30 


mA 


CE = ViH, OE = ViL 


ICC2 


Vcc Current (Active) 




85 


150 


mA 


OE = CE = ViL 


ViL 


Input Low Voltage 


-0.1 




0.8 


V 




VlH 


Input High Voltage 


2.0 




Vcc+1 


V 




Vol 


Output Low Voltage 






0.45 


V 


lOL = 2.1mA 


VOH 


Output High Voltage 


2.4 






V 


lOH = -400mA 



Note: 1. Typical values are for Ta = 25° C and nominal supply voltages. 



TYPICAL CHARACTERISTICS 



Ice CURRENT 
VS. TEMPERATURE 



.^ 
































Ic 


r^-, (A 


CTIV 


ECUR 


RFM1 


)^* 






CE = V,L 










CO " 




































cci a 


5TAN 


DBYC 


URRE 


NT) 








:e = v,h 1 

^00 = 5V 1 


" 

































CE TO OUTPUT DELAY (tee) 
VS. CAPACITANCE 



20 30 40 50 6( 
TEMPERATURE TC) 



bOU 
400 
300 


































200 

ion 




























T 

1 


v = 25 


C 



100 200 300 400 500 600 700 800 

Cl (pF) 



CE TO OUTPUT DELAY (teg) 
VS. TEMPERATURE 















1 
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— 




















































V 


X = 5 


V 
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A.C. CHARACTERISTICS 

Ta = 0°C to 70° C, Vcc = +5V ± 5% 





Parameter 


Limits 


Unit 




Symbol 


IVIin. 


Typ.[il 


IVIax. 


Test Conditions 


tACC 


Address to Output Delay 






450 


ns 


CE - OE = ViL 


tCE 


CE to Output Delay 






450 


ns 


0E = ViL 


tOE 


Output Enable to Output Delay 






120 


ns 


CE = ViL 


tDF 


Output Enable High to Output Float 







100 


ns 


CE = ViL 


tOH 


Address to Output Hold 









ns 


CE = OE = ViL 



CAPACITANCE 



[2] 



Ta = 25°C, f = 1MHz 



Symbol 


Parameter 


Typ. 


Max. 


Unit 


Conditions 


CiNI 


Input Capacitance 
Except OE/Vpp 


4 


6 


PF 


ViN - ov 


C|N2 


OE/Vpp Input 
Capacitance 




20 


PF 


ViN = ov 


COUT 


Output Capacitance 




12 


pF 


VouT = ov 



A.C. TEST CONDITIONS 

Output Load: 1 TTL gate and Cl = lOOpF 
Input Rise and Fall Times: < 20ns 
Input Pulse Levels: 0.8V to 2.2V 
Timing Measurement Reference Level: 

Inputs 1Vand2V 

Outputs 0.8V and 2V 



A.C. WAVEFORMS 



[3] 



){ 


ADDRESSES 
VALID 
t 








cl 


\ 


r 




-• ^F » 






(450 MAX.) 




01 




\ 






tOE 

"•—(120 MAX.)— ^ 

[4] 

Ucc 
(450 MAX.) •- 






:k 





NOTES: 

1. TYPICAL VALUES ARE FOR T^ = 25°C AND NOMINAL SUPPLY VOLTAGES 

2. THIS PARAMETER IS ONLY SAMPLED AND IS NOT 100% TESTED. 

3. ALL TIMES SHOWN IN PARENTHESES ARE MINIMUM TIMES AND ARE NSEC UNLESS OTHERWISE SPECIFIED. 

4. OE MAY BE DELAYED UPJO 330ns AFTER THE FALLING EDGE OF CE WITHOUT IMPACT ON Iacc- 

5. toF !S SPECIFIED FROM OE OR CE, WHICHEVER OCCURS FIRST. 
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8K (1K X 8) UV ERASABLE LOW POWER PROM 



■ Single + 5V Power Supply 

■ Simple Programming Requirements 

Single Location Programming 
Programs with One 50 ms Pulse 

■ Low Power Dissipation 

525 mW Max. Active Power 
132 mW Max. Standby Power 



■ Fast Access Time: 450 ns Max. in 
Active and Standby Power Modes 

■ Inputs and Outputs TTL Compatible 
during Read and Program 

■ Completely Static 

■ Three-State Outputs for OR-Ties 



The Intel 2758 is a 8192-bit ultraviolet erasable and electrically programmable read-only memory (EPROM). The 2758 
operates from a single 5-volt power supply, has a static standby mode, and features fast single address location program- 
ming. It makes designing with EPROMs faster, easier and more economical. The total programming time for all 8192 bits 
is 50 seconds. 

The 2758 has a static standby mode which reduces the power dissipation without increasing access time. The maximum 
active power dissipation is 525 mW, while the maximum standby power dissipation is only 132 mW, a 75% savings. Power- 
down is achieved by applying a TTL-high signal to the CE input. 

A 2758 system may be designed for total upwards compatibility with Intel's 16K 2716 EPROM (see Applications Note 
30). The 2758 maintains the simplest and fastest method yet devised for programming EPROMs — single pulse TTL- 
level programming. There is no need for high voltage pulsing because all programming controls are handled by TTL 
signals. Program any location at any time — either individually, sequentially, or at random, with the single address 
location programming. 



PIN CONFIGURATION 



MODE SELECTION 



AyC 1 
A6C 2 
A5C 3 
A4C 4 
A3C 5 
A2C 6 
AlC 7 
AoC 8 
OoC 9 
OiC K 
02 C 1 
GNOC 



12 



24 DVCC 
23 DA8 
22 3A9 
21 DVpp 

20 Doe 

19 DAR 
18 DCE 
17 DO? 
16 D06 
15 DO5 
14 DO4 
13 DO3 



\. PINS 
MODE \. 


CE/PGM 
(18) 


Ar 
(19) 


OE 
(20) 


Vpp 
(21) 


Vcc 

(24) 


OUTPUTS 
(9-11, 13-17) 


Read 


V|L 


V,L 


VlL 


+5 


+5 


DOUT 


Standby 


V|H 


V|L 


Don't 
Care 


+5 


+5 


High Z 


Program 


Pulsed V|L to V|H 


V|L 


V,H 


.25 


+5 


D|N 


Program Verify 


V|L 


V|L 


V|L 


+25 


+5 


DouT 


Program inhibit 


V.L 


V|L 


V|H 


+25 


+5 


HighZ 



PIN NAMES 



BLOCK DIAGRAM 



A0-A9 


ADDRESSES 


CE/PGM 


CHIP ENABLE/PROGRAM 


OE 


OUTPUT ENABLE 


O0-O7 


OUTPUTS 


A. 


SELECT REFERENCE 
INPUT LEVEL 



► OUTPUT ENABLE 
» CHIP ENABLE AND 
PROG LOGIC 



OUTPUT BUFFERS 



A0-A9 

ADDRESS 

INPUTS 
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PROGRAMMiNG 

The programming specifications are described in ttie Data Catalog PROM/ROM Programming Instructions section. 
Absolute Maximum Ratings^ 

Temperature Under Bias -10°CtO+80°C *COMMENT: Stresses above those listed under "Absolute Maxi- 

Storage Temperature -65°C to +125°C mum Ratings" may cause permanent damage to the device. This is a 

All Input or Output Voltaqes with stress rating only and functional operation of the device at these or 

_, ^ r^ J ,n\i^f\'^\i any other conditions above those indicated in the operational sec- 

Respect to Ground +6V to -0.3V ^.^^^ ^^ ^^.^ specification is not implied. Exposure to absolute 

Vpp Supply Voltage with Respect maximum rating conditions for extended periods may affect device 

to Ground During Programming +26.5V to -0.3V reliability. 



READ OPERATION 

D.C. and Operating Characteristics 

Ta = 0°C to 70°C, Vcc^^'^^ = +5V ±5%, Vppf^l = Vqc 



Symbol 


Parameter 


Limits 


Unit 


Conditions 


Min. 


Typ.^^J 


Max. 


•li 


Input Load Current 






10 


ma 


V|N = 5.25V 


Ilo 


Output Leakage Current 






10 


mA 


VouT = 5.25'V 


ipp^m 


Vpp Current 






5 


mA 


Vpp = 5.25V 


ScClf2] 


Vcc Current (Standby) 




10 


25 


mA 


CE = V,H,OE = V,L 


|CC2[2] 


Vcc Current (Active) 




57 


100 


mA 


OE = CE = V|L 


Ar^^^ 


Select Reference Input Level 


-0.1 




0.8 


V 


Iin=10mA 


V|L 


Input Low Voltage 


-0.1 




0.8 


V 




V|H 


Input High Voltage 


2.0 




Vcc + 1 


V 




Vol 


Output Low Voltage 






0.45 


V 


Iql = 2.1 mA 


VOH 


Output High Voltage 


2.4 






V 


loH =-400mA 



NOTES: 1. Vcc nnust be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 

2. Vpp may be connected directly to Vcc except during programming. The supply current would then be the sum of Ice ^^^ 'PP1- 

3. Typical values are for Ta = 25°C and nominal supply voltages. 

4. Ar is a reference voltage level which requires an input current of only 10 \xk. The 2758 S1865 is also available which has a reference 
voltage level of V|h instead of V||_. 

Typical Characteristics 



Ice CURRENT 

vs. 
TEMPERATURE 



60 
50 

830 
20 
10 
n 


- 
















-w. 








-.^ 














ICC2 


CE=V|L 
Vcc = 5V 




























ilDBYCURR 




Ut 








ICCI STA_ 
V 


E=V|H 
CC = 5V 

















ACCESS TIME 

vs. 
CAPACITANCE 



700 
600 






ACCESS TIME 



TEMPERATURE 













































Vcc 


= 5V 






















-— 




■ — 


- — ' 


"""^ 





































10 20 30 40 50 60 70 80 

TEMPERATURE (°C) 



100 200 300 400 500 600 700 

Cl(pF) 



10 20 30 40 50 60 70 
TEMPERATURE TO 
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A.C. Characteristics 

Ta = 0°C to 70°C, Vcc^^^ - +5V ±5%, Vppf2] - Vqc 


Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Min. 


Typ.^^' 


Max. 


tACC 


Address to Output Delay 




250 


450 


ns 


CE = OE = V|L 


tCE 


CE to Output Delay 




280 


450 


ns 


OE = V,L 


tOE 


Output Enable to Output Delay 






120 


ns 


CE = V,L 


tDF 


Output Enable High to Output Float 







100 


ns 


CE = V,L 


tOH 


Output Hold From Addresses, CE 
or OE Whichever Occurred First 









ns 


CE = OE = V|L 



Capacltancef''lTA=25°C,f= 1 f 


VIHz 








Symbol 


Parameter 


Typ. 


Max. 


Unit 


Conditions 


C||M 


Input Capacitance 


4 


6 


pF 


V|N = 0V 


CoUT 


Output Capacitance 


8 


12 


PF 


VouT = OV 



NOTE: Please refer to page 2 for notes. 



A.C. Test Conditions: 

Output Load: 1 TTL gate and Cl = 100 pF 
Input Rise and Fall Times: <20 ns 
Input Pulse Levels: 0.8V to 2.2V 
Timing Measurement Reference Level: 

Inputs 1Vand2V 

Outputs 0.8V and 2V 



A.C. Waveforms'^^ 



ADDRESSES 



X 



\ 



ADDRESSES 
VALID 



tcE 
-(450 MAX.)- 



\ 



[6] 
- toE -H 

(120 MAX.) 



[6] 

tACC 

(450 MAX.) 



^ 



X 



J' 



f 



tQH- 

(O) 




VALID OUTPUT 




[7] 

tDF 

(100 MAX.) 



NOTES: 1. ^Q,Q> f^iust be applied simultaneously or before Vpp and removed simultaneously or after Vpp 

2. Vpp may be connected directly to ^q,q, except during programming. The supply current would then be the sum of Iqq and lpp-| 

3. Typical values are for Ta = 25°C and nominal supply voltages. 

4. This parameter is only sampled and is not 100% tested. 

5 All times shown in parentheses are minimum times and are nsec unless otherwise specified. 

6 OE may be delayed up to 330 ns after the falling edge of CE without impact on t/^QQ 
7. t[)p IS specified from OE or CE, whichever occurs first 
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ERASURE CHARACTERISTICS 

The erasure characteristics of the 2758 are such that erasure 
begins to occur when exposed to light with wavelengths 
shorter than approximately 4000 Angstroms (A). It should 
be noted that sunlight and certain types of fluorescent 
lamps have wavelengths in the 3000— 4000A range. Data 
show that constant exposure to room level fluorescent 
lighting could erase the typical 2758 in approximately 3 
years, while it would take approximately 1 week to cause 
erasure when exposed to direct sunlight. If the 2758 is to 
be exposed to these types of lighting conditions for ex- 
tended periods of time, opaque labels are available from 
Intel which should be placed over the 2758 window to 
prevent unintentional erasure. 

The recommended erasure procedure (see Data Catalog 
Programming Section) for the 2758 is exposure to short- 
wave ultraviolet light which has a wavelength of 2537 
Angstroms (A). The integrated does (i.e., UV intensity X 
exposure time) for erasure should be a minimum of 15 
W-sec/cm2. The erasure time with this dosage is approxi- 
mately 15 to 20 minutes using an ultraviolet lamp with 
12,000 iL(W/cm2 power rating. The 2758 should be placed 
within 1 inch of the lamp tubes during erasure. Some lamps 
have a filter on their tubes which should be removed before 
erasure. 

DEVICE OPERATION 

The five modes of operation of the 2758 are listed in Table 
1. It should be noted that all inputs for the five modes are 
at TTL levels. The power supplied required are a -f-5V Vqc 
and a Vpp. The Vpp power supply must be at 25V during 
the two programming modes, and must be at 5V In the 
other three modes. In all operational modes, Ar must be 
at V|L (except for the 2758 S1865 which has Ar at V|h). 

TABLE I. MODE SELECTION 



\^ PINS 
MODE \^ 


CE/PGM 
(18) 


Ar 
(19) 


61 

(20) 


Vpp 
(21) 


Vcc 
(24) 


OUTPUTS 
(9-11,13-17) 


Read 


ViL 


ViL 


V,L 


+5 


+5 


DOUT 


Standby 


V|H 


V|L 


Don't 
Care 


+5 


+5 


HighZ 


Program 


Pulsed V|L to V|H 


V|L 


V|H 


+25 


+5 


Din 


Program Verify 


V,L 


V,L 


V|L 


+25 


+5 


DoUT 


Program Inhibit 


V,L 


V|L 


V|H 


+25 


+5 


HighZ 



READ MODE 

The 2758 has two control functions, both of which must be 
logically satisfied in order to obtain data at the outputs. 
Chip Enable (CE) is the power control and should be used 
for device selection. Output Enable (OE) is the output 
control and should be used to gate data to the output 
pins, independent of device selection. Assuming that 
addresses are stable, address access time (tAcc) 'S equal to 
the delay from CE to output (tee)- Data is available at 



the outputs 120 ns (toe) af^^r the falling edge of OE, 
assuming that CE has been low and addresses have been 
stable for at least tAcc ~ ^OE- 

STANDBY MODE 

The 2758 has a standby mode which reduces the active 
power dissipation by 75%, from 525 mW to 132 mW. The 
2758 is placed in the standby mode by applying a TTL high 
signal to CE input. When in standby mode, the outputs 
are in a high impedence state. Independent of the OE input. 

OUTPUT OR-TIEING 

Because EPROMs are usually used in larger memory arrays, 
Intel has provided a 2 line control function that accommo- 
dates this use of multiple memory connections. The two line 
control function allows for: 

a) the lowest possible memory Power dissipation, and 

b) complete assurance that output bus contention will 
not occur. 

To most efficiently use these two control lines, it is recom- 
mended that CE (pin 18) be decoded and used as the 
primary device selecting function, while OE (pin 20) be 
made a common connection to all devices in the array and 
connected to the READ line from the system control bus. 
This assures that all deselected memory devices are in their 
low power standby mode and that the output pins are only 
active when data is desired from a particular memory device. 

PROGRAMMING 

Initially, and after each erasure, all bits of the 2758 are In 
the "^" state. Data is introduced by selectively program- 
ming "O's" into the desired bit locations. Although only 
"O's" will be programmed, both "1's" and "O's" can be 
presented in the data word. The only way to change a "0" 
to a "1" is by ultraviolet light erasure. 

The 2758 is in the programming mode when the Vpp 
power supply is at 25V and OE is at V|h- The data to be 
programmed is applied 8 bits in parallel to the data output 
pins. The levels required for the address and data inputs are 
TTL. 

When the address and data are stable, a 50 msec, 
active high, TTL program pulse is applied to the CE/PGM 
input. A program pulse must be applied at each address 
location to be programmed. You can program any location 
at any time — either individually, sequentially, or at ran- 
dom. The program pulse has a maximum width of 55 msec. 

The 2758 must be programmed with a DC signal applied 
to the CE/PGM input. 

Programming of multiple 2758s in parallel with the same 
data can be easily accomplished due to the simplicity of 
the programming requirements. Like inputs of the paral- 
lelled 2758s may be connected together when they are 
programmed with the same data. A high level TTL pulse 
applied to the CE/PGM input programs the paralleled 
2758s. 
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PROGRAM INHIBIT PROGRAM VERIFY 

Programming of multiple 2758s in parallel wijth different ^ verify should be performed on the programmed bits to 
data is also easily accomplished. Except for CE/PGM, all determine that they were correctly programmed. The verify 
like inputs(including OE) of the parallel 2758s may be ^gy ^e performed with Vpp at 25V. Except during pro- 
common. A TTL level program pulse applied to a 2758's gramming and program verify, Vpp must be at 5V. 
CE/PGM input_with Vpp at 25V will program that 2758. 
A low level CE/PGM input inhibits the other 2758 from 
being programmed. 
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3604A, 3624A FAMILY 
4K (512 X 8) HIGH-SPEED PROM 





3604A-2 
3624A-2 


3604A 
3624A 


3604AL 


Max. Ty^(ns) 


60 


70 


90 


l^a>f- 'CC("^^) 


170 


170 


130/25* 



*Standby Current When The Chip is Deselected. 



■ Fast Access Time 

-60ns Max (3604A-2, 3624A-2) 

■ Low Standby Power Dissipation 
(3604AL) -32yL6W/Bit IVIax 

■ Open Collector (3604A) 
or Three State (3624A) 
Outputs 



■ Four Chip Select Inputs 
For Easy Memory 
Expansion 

■ Polycrystalline Silicon Fuse 
For Higher Reliability 

■ Hermetic 24 Pin DIP 



The Intel® 3604A/3624A are 4096-bit bipolar PROMs organized as 512 words by 8 bits. The fast second generation 
3604A/3624A replaces its Intel predecessor, the 3604/3624. Higher speed PROMs, the 3604A-2/3624A-2, are now avail- 
able at 60 ns. All 3604A/3624A specifications, except programnning, are the same as or better than the 3604/3624. Once 
programmed, the 3604A/3624A are interchangeable with the 3604/3624 

The PROMs are manufactured with all outputs initially logically high. Logic low levels can be electrically programmed 
in selected bit locations. Both open collector and three-state outputs are available. Low standby power dissipation can 
be achieved with the 3604AL The standby power dissipation is approximately 20% of the active power dissipation. 

The 3604A/3624A are available in a hermetic 24-pin dual in-line package. These PROMs are manufactured with the 
time-proven polycrystalline silicon fuse technology. 



Mode/Pin Connection 


Pin 22 


Pin 24 


READ: 3604 A, 3604 A-2 
3624A, 3624A-2 


No Connector 5V 


5V 


3604 A L 


+5V 


Must be Left Open 


PROGRAM: 3604A, 3604A-2 
3624A, 3624A-2 


Pulsed 12.5V 


Pulsed 12.5V 


3604 A L 


Pulsed 12.5V 


Pulsed 12.5V 


STANDBY- 3604AL 


Power dissipation is automatically 
reduced whenever the 3604AL 
IS deselected. 



PIN CONFIGURATION 




BLOCK DIAGRAM 



Aq-As 



ADDRESS INPUTS 



CS1-CS2 
CS3-CS4 



[1] 
CHIP SELECT INPUTS 



Oi-Og 



DATA OUTPUTS 



(1 ] To select the PROM CSi = CS2 = 
and CS3 = CS4 = 1 . 

LOGIC SYMBOL 
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PROGRAMMING 

The programming specifications are described in ttie Data Catalog PROM/ROM Programming Instructions 



Absolute Maximum Ratings* 

Temperature Under Bias -65° C to +125°<: 

Storage Temperature -65°C to +160°C 

Output or Supply Voltages -0.5V to 7 Volts 

All Input Voltages -1.6 to 5.5V 

Output Currents 100mA 



*COMMENT 

Stresses above those listed under "Absolute Maximum 
Rating" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device 
at these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 



D. C. Characteristics: ah Limits Apply tor Vcc= +5.ov ±5%, 1^= o°c to +75°c 



Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Min. 


Typ.Ml 


Max. 


Ifa 


Address Input Load Current 




-0.05 


-0.25 


mA 


Vcc= 5.25V, Va = 0.45V 


Ifs 


Chip Select Input Load Current 




-0.05 


-0.25 


mA 


Vcc= 5.25V, Vs = 0.45V 


Ira 


Address Input Leakage Current 






40 


)UA 


Vcc = 5.25V, Va = 5.25V 


Irs 


Chip Select Input Leakage 
Current 






40 


mA 


Vcc= 5.25V, Vs= 5.25V 


VCA 


Address Input Clamp Voltage 




-0.9 


-1.5 


V 


Vcc^4.75V,Ia=^ -10 mA 


Vcs 


Chip Select Input Clamp 
Voltage 




-0.9 


-1.5 


V 


Vcc = 4.75V, Is = -10 mA 


Vol 


Output Low Voltage 




0.3 


0.45 


V 


Vcc = 4.75V, loL= 15 mA 


ICEX 


Output Leakage Current 






100 


ma 


Vcc= 5.25V, VcE = 5.25V 


Icci 


Power Supply Current (3604A, 
3604A-2, 3624A, and 3624A-2) 




130 


170 


mA 


Vcci = 5.25V, Vao-Va8 = OV, 
CSi = CS2 = OV, CS3 = CS4 = 5.25V 


ICC2 


Power Supply Current {3604AL) 
Active 




100 


130 


mA 


Vcc2 = 5.25V, Vcci = Open 

CSi = CS2 = 0.45V, CS3 = CS4 = 2.4V 


Standby 




15 


25 


mA 


CSi = CS2 = 2.5V 


V,L 


Input "Low" Voltage 






0.85 


V 


Vcc = 5.0V 


V|H 


Input "High" Voltage 


2.0 






V 


Vcc = 5.0V 



3624A FAMILY ONLY 



Symbol 


Parameter 


Min. 


Typ.tl] 


Max. 


Unit 


Test Conditions 


iiol 


Output Leakage for High 
Impedance Stage 






100 


mA 


Vo = 5.25V or 0.45V, 

Vcc= 5.25 V, CS-, = CS2 = 2.4V 


isct^l 


Output Short Circuit Current 


-20 


-25 


-70 


mA 


Vo-OV, Vcc = 4.75V 


VOH 


Output High Voltage 


2.4 






V 


Iqh =-2.4mA, Vcc = 4.75V 



NOTES: 1 . Typical values are at 25° C and at nominal voltage. 
2. Unmeasured outputs are open during this test. 
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A. C. Characteristics Vcc = +5v ±5%, Ta = o°c to +75°c 



SYMBOL 


PARAMETER 


MAXIMUM LIMITS (ns) 


^ 

UNIT 


TEST CONDITIONS 


3604A-2 
3624A-2 


3604A 
3624A 


3604AL 


*A++, tA- 
tA+-, tA-+ 


Address to Output Delay 


60 


70 


90 


ns 


CSi =CS2 = V,L 
and CS3 = CS4 = V|H 
to Select the PROM 


tS4-+ 


Chip Select to Output Delay 


30 


30 


30 


ns 


ts- 


Chip Select to Output Delay 


30 


30 


120 


ns 



Capacitance' 


*Ta =25°C, f- 1 MHz 










SYMBOL 


PARAMETER 


LIMITS 


UNIT 


TEST CONDITIONS 


TYP. 


MAX. 


^INA 


Address Input Capacitance 


4 


10 


pF 


Vcc = 5V V,N=2.5V 


C|NS 


Chip-Select Input Capacitance 


6 


10 


pF 


Vcc = 5V V,N-2.5V 


CoUT 


Output Capacitance 


7 


15 


pF 


Vcc = 5V VouT = 2.5V 



NOTE 1 • This parameter is only periodically sampled and is not 100% tested. 



Switching Characteristics 



Conditions of Test: 

Input pulse amplitudes - 2.5V 
Input pulse rise and fall times of 

5 nanoseconds between 1 volt and 2 volts 
Speed measurements are made at 1 .5 volt levels 
Output* loading is 15 mA and 30 pF 
Frequency of test - 2.5 MHz 



15 mA TEST LOAD 



I 



30pF 



Vcc 



Waveforms 



ADDRESS TO OUTPUT DELAY 



ADDRESS 
INPUT 



/ 



OUTPUT 

tA 






\ 



Jnl.SV 



CHIP SELECT TO OUTPUT DELAY 



CS^.CSp 1-5V 



V 



OUTPUT 






jfT 
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3605A, 3625A 
4K(1Kx4)PROM 



3605A-1,3625A-1 


50 ns Max. 


3605A, 3625A 


60 ns Max. 



± 10% Power Supply Tolerance 

Fast Access Time: 40 ns Typically 

Lower Power Dissipation: 0.14 mW/Bit 
Typically 

Simple Memory Expansion Two Chip 
Select Inputs 



Open Collector (3605A) and Three-State 
(3625A) Outputs 

Polycrystalline Silicon Fuse for Higher 
Reliability 

Hermetic 18-Pin DIP 



The Intel® 3605A and 3625A families are high density, 4096-bit bipolar PROMs organized as 1024 words by 4 bits. The 
1024 by 4 organization gives ideal word or bit modularity for memory array expansion. The 3605A has open collector 
outputs and the 3625A has three-state outputs. The 3605A and 3625A are fully specified over the O^C to 75 "C 
temperature range with ± 10% power supply variation. Maximum access times of 50 ns (3605A-1/3625A-1) and 60 ns 
(3605A/3625A) are available at a typical power dissipation of 0.14 mW/bit. 

The 3605A/3625A are packaged in an 18-pin dual in-line hermetic package with 300 milli-inch centers. Thus, twice the 
bit density can be achieved with the 3605A/3625A in the same memory board areas as 512 by 8-bit PROMs in 24-pin 
packages. 

The highly reliable polycrystalline silicon fuse technology is used in the manufacturing of the 3605A and 3625A 
families. All outputs are initially a logical high and logic low levels can be electrically programmed in selected bit loca- 
tions. 



PIN CONFIGURATION 



LOGIC SYMBOL 





1 

2 


18 
17 


::ivcc 

Da, 




CS1 
CS2 

An 




A4C 


3 


16 


DAs 




Ai 


O1 


A3C: 

AoC 


4 
5 


15 
14 


DA, 

Do, 




A2 
A3 

Ai 


O2 
O3 


AiC 


6 


13 


^0, 




A5 


O4 


A.C 


7 


12 


DO3 




Ae 




csiC 


8 


11 


30, 




A7 
Ab 
A9 




gndC 


9 


10 


Dcs-2 







PIN NAMES 



Ao 


A9 


ADDRESS INPUTS 


CS 




CHIP SELECT INPUT 


O1 


O4 


OUTPUTS 



BLOCK DIAGRAM 



A9— 








As — 








Ay — 




8 

Q 




64X64 ARRAY 


Ae 

A5 — 




! 






A4 — 


„,^ 




^^ 








J 


A3 — 


■~ 




"^ 


CE 


—J 






L—. 




1 


A2 — 


Q 

8 












Ai — 
Ac — 






OUTPUT 










C5^ 


BUFFER 














^^^ 






^^ 









1 
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3605A, 3625A FAMILIES 



PROGRAMMING 

The programming specifications are described in the Data Catalog PROM/ROM Programming Instructions. 



Absolute Maximum Ratings'*' 

Temperature Under Bias -65°C to +125°C 

Storage Temperature -65°C to +160°C 

Output or Supply Voltages -0.5V to 7 Volts 

All Input Voltages -IV to 5.5V 

Output Currents 100mA 



•COMMENT 

Stresses above those listed under "Absolute Maximum 
Rating" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device 
at these or at any other condition above those indicated In 
the operational sections of this specification is not implied. 



D. C. Characteristics: ah Limits Apply tor Vcc = +5.0V ±10%, Ta = 0°C to +75°C 




Parameter 


Limits 




Symbol 


Min. 


Typ.Il] 


Max. 


Unit 


Test Conditions 


«FA 


Address Input Load Current 




-0.05 


-0.25 


mA 


Vcc=5.5V, Va=0.45V 


Ifs 


Chip Select Input Load Current 




-0.05 


-0.25 


mA 


Vcc=5.5V. Vs=0.45V 


•ra 


Address Input Leakage Current 






40 


ma 


Vcc=5.5V, Va = 5.5V 


Irs 


Chip Select Input Leakage 
Current 






40 


//A 


Vcc=5.5V, Vs = 5.5V 


VcA 


Address Input Clamp Voltage 




-0.9 


-1.5 


V 


Vcc=4.5V, lA=-10mA 


Vcs 


Chip Select Input Clamp 
Voltage 




-0.9 


-1.5 


V 


Vcc=4.5V, ls=-10mA 


Vol 


Output Low Voltage 




0.3 


0.45 


V 


Vcc=4.5V, loL=15mA 


'CEX 


3605A Output Leakage Current 






40 


ma 


Vcc=5.5V, VcE=5.5V 


'cc 


Power Supply Current 




110 


140 


mA 


Vcc=5.5V, Vao-^Va9=0V, 
CSi=CS2=V,H 


V|L 


Input "Low" Voltage 






0.85 


V 




V|H 


Input "High" Voltage 


2.0 






V 




3625, 3625-1 ONLY 


Symbol 


Parameter 


Min. 


Typ.[l] 


Max. 


Unit 


Test Conditions 


Hoi 


Output Leakage for High 
Impedance Stage 






40 


ma 


Vo=5.5V or 0.45V, 
Vcc=5-5V, CSi=CS2=2.4V 


isc^^^ 


Output Short Circuit Current 


-20 


-35 


-80 


mA 


Vo = OV 


VOH 


Output High Voltage 


2.4 






V 


lOH = -2.4mA, Vcc = 4.5V 



NOTES: 1. Unmeasured outputs are open during this test. 
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3605A, 3625A FAMILIES 



A. C. Characteristics vcc = +5v ±10%, Ta = o°c to +75°c 





Parameter 


Max. Limits 


Unit 




Symbol 


3605A-1 
3625A-1 


3605A 
3625A 


Conditions 


tA++»tA-- 
tA+-,tA-+ 


Address to Output Delay 


50 


60 


ns 


C^1=CS2=V,L 

to select the 


ts++ 


Chip Select to Output Delay 


30 


30 


ns 


PROM. 


ts- 


Chip Select to Output Delay 


30 


30 


ns 





Capacitance ^^^ ta = 25°c, t = i mhz 



SYMBOL 


PARAMETER 


LIMITS 


UNIT 


TEST CONDITIONS 


TYP. 


MAX. 


^INA 


Address Input Capacitance 


3 


8 


pF 


Vcc-5V V,^=2.5V 


C|NS 


Chip-Select Input Capacitance 


4 


8 


PF 


Vcc = 5V V,N = 2.5V 


CoUT 


Output Capacitance 


5 


19 


pF 


Vcc = 5V VouT = 2.5V 


NOTE 1 : This parameter is only periodically sampled and is not 1 00% tested. 

Switching Characteristics 



Conditions of Test: 

Input pulse amplitudes - 2.5V 
Input pulse rise and fall times of 

5 nanoseconds between 1 volt and 2 volts 
Speed measurements are made at 1 .5 volt levels 
Output loading is 15 mA and 30 pF 
Frequency of test - 2.5 MHz 



15mA TEST LOAD 



I 



30pF 




Waveforms 



ADDRESS TO OUTPUT DELAY 



ADDRESS 
INPUT 



/ 



OUTPUT 



^A++~^ 



OUTPUT 

tA 




^ 



\ 



U--.- 



CHIP SELECT TO OUTPUT DELAY 



CSi , CS2 



\ 



OUTPUT 



\-1.5V 



/ 



tM.SV 
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Intel 



3628 
8K (1K X 8) BIPOLAR PROM 




3628 


80 ns Max. 


3628-4 


100 ns Max. 



Fast Access Time: 65 ns Typically 

Low Power Dissipation: 0.09mW/Bit 

Typically 

Four Chip Select Inputs for Easy Memory 

Expansion 



Three-State Outputs 

Hermetic 24-Pin DIP 

Polycrystalline Silicon Fuses for Higher 
Fuse Reliability 



The Intel® 3628 is a fully decoded 8192-bit PROM organized as 1024 words by 8 bits. The worst case access time of 80 
ns Is specified over the O^C to 75°C temperatue range and 5% Vcc power supply tolerances. There are four chip 
selects provided to facilitate expansion into larger PROM arrays. It uses Schottky clamped TTL technology with poly- 
crystalline silicon fuses. All outputs are initially high and logic low levels can be electrically programmed in selected 
bit locations. 

Prior to the 8192 bit 3628, the highest density bipolar PROM available was 4096 bits. The high density of the 3628 now 
easily doubles the capacity without an increase in area on existing designs currently using 512 words by 8 bit PROMs. 
There is also little, if any, penalty in power since the 3628 power/bit is approximately one-half that of 4K PROMs. The 
3628 is packaged in a hermetic 24-pin dual in-line package. 



PIN CONFIGURATION 



A7I: 

AeC 2 

A5I: 3 

A4C 4 

AgC 5 

AjC: 6 

A,C 7 

(LSBIAqC 8 

(LSB)OtC 9 

O2C 10 

O3C 11 

GNDC 12 



2* =|Vcc 

23 DAg 

22 3 Ag (MSB) 
21 DCS/ 
20 liCSj 

19 IjCSg 

18 DCS4 
17 DOgllVISB) 
16 DO7 
15 DOg 
14 DO5 
13 IO4 



•PROGRAMMING PIN 



BLOCK DIAGRAM 

DATA OUT 1 DATA OUT 8 

t 1 



CS2-* 

cs. 



OUTPUT 
BUFFERS 



8192 BIT 
PROM MATRIX 



INPUT DRIVERS 



PIN NAMES 



Aq-Ao address INPUTS 


CS,-CS2^ 

CS3-CS, 


-CHIP SELECT INPUTSfll 


0, - Og DATA OUTPUTS 



[1 ] To select the PROM CS, = CS2 = Vj^ 
and CS, = CS. = V.^ 



LOGIC SYMBOL 



Q 


CS, 









CS2 


O1 






CS3 


O2 






CS, 


O3 






Ao 


O4 






Ai 


O5 






A2 


Oe 






A3 


07 






A4 
A5 


Os 






Ay 








As 
Ae 
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3628 



PROGRAMMING 

The programming specifications are described in tlie PROM programming section of tfie Data Catalog. 
ABSOLUTE MAXIMUM RATINGS* 



Temperature Under Bias -65°C to +125°C 

Storage Temperature -65°C to +160"C 

Output or Supply Voltages -0.5V to 7 Volts 

All Input Voltages -IV to 5.5V 

Output Currents 100mA 



•COMMENT 

Stresses above those listed under "Absolute Maximum 
Rating" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device 
at these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 



D.C. CHARACTERISTICS: am Limits Apply for Vcc= +5.0V±5%,TA = 0°Cto +75°C 





Parameter 


Limits 




Symbol 


Min. 


Typ.^^' 


Max. 


Unit 


Test Conditions 


Ifa 


Address Input Load Current 




-0.05 


-0.25 


mA 


Vcc= 5.25V, Va = 0.45V 


Ifs 


Chip Select Input Load Current 




-0.05 


-0.25 


mA 


Vcc = 5.25V, Vs = 0.45V 


Ira 


Address Input Leakage Current 






40 


mA 


Vcc = 5.25V, Va = 5.25V 


Irs 


Chip Select Input Leakge 
Current 






40 


mA 


Vcc = 5.25V, Vs = 5.0V 


Hoi 


Output Leakge for High 
Impedance State 






100 


mA 


Vo= 5.25V or 0.45V, 

Vcc = 5.25V, CSi = CS2 = 2.4V 


Isc^^^ 


Output Short Circuit Current 


-20 


-25 


-80 


mA 


Vo = OV 


VCA 


Address Input Clamp Voltage 




-0.9 


-1.5 


V 


Vcc = 4.75V, Ia= -10mA 


Vcs 


Chip Select Input Clamp 
Voltage 




-0.9 


-1.5 


V 


Vcc = 4.75V, ls= -10mA 


Vol 


Output Low Voltage 




0.3 


0.45 


V 


Vcc = 4.75V, loL=10mA 


VoH 


Output High Voltage 


2.4 


3.4 




V 


loH= -2.4mA, Vcc = 4.75V 


Ice 


Power Supply Current 




150 


190 


mA 


Vcc = 5.25V, Vao-^Va9 = OV, 
PROM deselected 


V|L 


Input "Low" Voltage 






0.85 


V 


Vcc = 5.0V 


V|H 


Input "High" Voltage 


2.0 






V 


Vcc = 5.0V 



NOTES: 



1. Typical values are at 25°C and at nominal voltage. 
2 Unmeasured outputs are open durmg this test. 
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3628 



A.C. CHARACTERISTICS Vcc = +5V ±5%, Ta = o°c to +75°c 





PARAMETER 


MAX. 


LIMITS 


UNIT 




SYMBOL 


3628 


3628-4 


CONDITIONS 


tA 


Address to Output Delay 


80 


100 


ns 


CSi=CS2 = V„ 


tEN 


Output Enable Time 


40 


45 


ns 


andCS3 = CS4 = V,H 


^DIS 


Output Disable Time 


40 


45 


ns 


to select the PROM. 




CAPACITANCE "' Ta = 25°C. f = 1 MHz 



SYMBOL 


PARAMETER 


TYP. LIMITS 


UNIT 


TEST CONDITIONS 


TYP. 


MAX. 


^INA 


Address Input Capacitance 


4 


10 


PF 


Vcc = 5V V,^=2.5V 


C|NS 


Chip-Select Input Capacitance 


6 


10 


pF 


Vcc = 5V V,N = 2.5V 


COUT 


Output Capacitance 


7 


15 


pF 


Vcc = 5V VouT = 2.5V 



NOTE 1 : This parameter is only periodically sampled and is not 100% tested. 



SWITCHING CHARACTERISTICS 



Conditions of Test: 

Input pulse amplitudes - 2.5V 
Input pulse rise and fall times of 

5 nanoseconds between 1 volt and 2 volts 
Speed measurements are made at 1 .5 volt levels 
Output loading is 15 mA and 30 pF 
Frequency of test - 2.5 MHz 



15mA TEST LOAD 



T 



30pF 




WAVEFORMS 



ADDRESS TO OUTPUT DELAY 




CHIP SELECT TO OUTPUT DELAY 



CS^ . CSj - 

cs„ cs. - 



J 



\ 



}e 



jf^ 



4-44 



intel 



3636 
16K (2K X 8) BIPOLAR PROM 



3636-1 


65 ns Max. 


3636 


80 ns Max. 



■ Fast Access Time: 50 ns Typically 

■ Low Power Dissipation: 0.05 mW/Bit 
Typically 



■ Three-State Outputs 

■ Hermetic 24-Pin DIP 



Three Chips Select Input for Easy 
Memory Expansion 



Polycrystalline Silicon Fuses for 
Higher Fuse Reliability 



The Intel® 3636 is a fully decoded 16,384 bit PROM organized as 2048 words by 8 bits. The worst case access time of 
65 ns is specified over the OX to 75*0 temperature range and 10% Vcc power supply tolerances. There are three chip 
selects provided to facilitate expansion into larger PROM arrays. The PROMs use the Schottky clamped TTL tech- 
nology with polycrystalline silicon fuses. All outputs are initially high and logic low levels can be electrically pro- 
grammed in selected bit locations. 

Prior to the 16,384 bit 3636, the highest density bipolar PROM available was 8192 bits. The high density of the 3636 now 
easily doubles the capacity without an increase in area on existing designs currently using 1024 by 8 bit PROMs. There 
Is also little, If any, penalty in power since the power/bit is approximately one-half that of 8K PROMs. The 3636 is 
packaged in a hermetic 24-pin dual in-line package. 



PIN CONFIGURATION 



AfiC 2 

AsC 3 

A4C 4 

A3C 5 

AjC: 6 

AlC 7 

(LSB)AolI 8 

(LSB)OiC 9 

O2C 10 

O3C 11 

GNDC 12 



DAg 

IlAg 

H A10 (MSB) 

H CSi 

3 CS2 

H CS3 

D Og (MSB) 

1304 



BLOCK DIAGRAM 

DATA OUT 1 DATA OUT 8 



LOGIC SYMBOL 



csi ■ 

CS2- 



OUTPUT 
BUFFERS 



16,384 
PROM MATRIX 



t 



INPUT DRIVERS 

M— --I 

An A^ AlO 




PIN NAMES 



Ao-Aio 


ADDRESS INPUTS 


CSi, CS2, CS3 


CHIP SELECT INPUTS<1) 


O1-O8 


DATA OUTPUTS 



(1) To select the PROM CSi = ViL and 

CS2 = CS3 = V|H 
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3636 FAMILY 



PROGRAMMING 

The programming specifications are described in the PROM Programming Section of the Data Catatogu^. 



ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias -65°C to +125°C 

Storage Temperature -65°C to +160°C 

Output or Supply Voltages -0.5V to 7 Volts 

All Input Voltages -IV to 5.5V 

Output Currents 100mA 



•COMMENT 

Stresses above those listed under "Absolute Maximum 
Rating" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device 
at these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 



D.C. CHARACTERISTICS: All Limits Apply for Vcc= +5.0V± 10%, Ta = ox to +75°C 


Symbol 


Parameter 


Limits 


Test Conditions 


Min. 


Typ.Ml 


IVIax. 


Unit 




Ifa 


Address Input Load Current 




-0.05 


-0.25 


mA 


Vcc = 5.5V, Va = 0.45V 


ips 


Chip Select Input Load Current 




-0.05 


-0.25 


mA 


Vcc = 5.5V, Vs= 0.45V 


Ira 


Address Input Leakage Current 






40 


mA 


Vcc = 5.5V, Va= 5.25V 


'rs 


Chip Select Input Leakage Current 






40 


mA 


Vcc = 5.5V, Vs= 5.5V 


llol 


Output Leakage for High Impedance State 






100 


mA 


Vo = 5.5V or 0.45V, 
Vcc = 5.5V, CSi = 2.4V 


Iscf^^ 


Output Short Circuit Current 


-20 


-35 


-80 


mA 


Vo = OV 


VCA 


Address Input Clamp Voltage 




-0.9 


-1.5 


V 


Vcc = 4.5V, Ia= -10 mA 


Vcs 


Chip Select Input Clamp Voltage 




-0.9 


-1.5 


V 


Vcc = 4.5V, ls= -10 mA 


VOH 


Output High Voltage 


2.4 


3.0 




V 


l0H= -2.4 mA, Vcc = 4.5V 


Vol 


Output Low Voltage 




0.3 


0.45 


V 


Vcc = 4.5V, loL= 10 mA 


Ice 


Power Supply Current 




150 


185 


mA 


Vcc = 5.5V 


V,L 


Input "Low" Voltage 






0.85 


V 


Vcc = 5.0V ±10% 


V,H 


Input "High" Voltage 


2.0 






V 


Vcc=5.0V ± 10% 



NOTES: 1. Typical values are forTA = 25°C and nominal supply voltages. 
2. Unmeasured outputs are open during this test. 
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3636 FAMILY 



A.C. CHARACTERISTICS Vcc= ±5V±10%,Ta= 


O^'Cto +75''C 


1 > 




PARAMETER 


MAX. 


LIMITS 


UNIT 


M\ 


SYMBOL 


3636-1 


3636 


CONDITIONS 


tA 


Address to Output Delay 


65 


80 


ns 


CSi = V|L 


tEN 


Output Enable Time 


40 


50 


ns 


and 082=083= V|H 


^DIS 


Output Disable Time 


40 


50 


ns 


to select the PROM. 



CAPACITANCE '' Ta = 25°c, f = 1 mhz 



SYMBOL 


PARAMETER 


TYP. LIMITS 


UNIT 


TEST CONDITIONS 


TYP. 


MAX. 


^INA 


Address Input Capacitance 


4 


10 


pF 


Vcc = 5V V,N=2.5V 


C|NS 


Chip-Select Input Capacitance 


6 


10 


pF 


Vcc = 5V V,N = 2.5V 


CoUT 


Output Capacitance 


7 


12 


pF 


Vcc = 5V VouT = 2.5V 



NOTE 1 : This parameter is only periodically sampled and is not 100% tested. 



SWITCHING CHARACTERISTICS 



Conditions of Test: 

Input pulse amplitudes: 2.5V 
Input pulse rise and fall times of 

5 nanoseconds between 1 volt and 2 volts 
8peed measurements are made at 1.5 volt levels 
Output loading Is 10 mA and 30 pF 
Frequency of test: 2.5 MHz 



10 mA TEST LOAD 



I 



30pF 



Vcc 



: 470 12 



WAVEFORMS 



ADDRESS TO OUTPUT DELAY 




CHIP SELECT TO OUTPUT DELAY 



CS2,CS.,. 



J 



\ 



3e 



Jf^ 
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PROM AND ROM PROGRAMMING INSTRUCTIONS 



II. 



III. 
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I. PROM AND ROM INPUT FORMATS 
A. Acceptible Formats 

Intel can accept programming and masking information for PROMs, EPROMs, or ROMs in the form of floppy disk, punched 
paper tape, a master device from which to copy, or computer punched cards. The allowable formats are given in Table 1. The 
preferred formats for the paper tape and computer card input media are the Intel Intellec Hex and BPNF since these formats 
are defined to allow detection of errors. 

It is desirable that two, preferably different, input media for each customer code be sent so Intel can perform a code verifica- 
tion to detect any errors between the two inputs. This procedure, if followed, can avoid errors due to a mispunched tape/card 
or sending a defective or improper master device. 

All orders must be accompanied by a customer PROM/ROM order form. A copy of the form is contained in this section and 
additional copies are available from Intel Literature Department, 3065 Bowers Ave., Santa Clara, California 95051. 



Table I. Acceptable Formats 



Floppy Disk 


Paper Tape 


Computer Card 


Master Device 


• Intel Microcomputer 
Development System 
Single or Double 
Density Disk 


• Intellec Hex 

• BPNF 

• Hex 


• Intellec Hex 

• PN 


• Same Density and 
Pin Compatible 
to Device which 
is to be Pro- 
grammed. 




A1. Logic Levels 

All data field for Intel's EPROMs/PROMs/ROMs are positive logic. The only exceptions are the 4001 and 4308 ROMs which 
use negative logic. For the 4001/4308, an "0" is a high output and a "1" is a low output. Consequently, because the BPNP 
format specifies the voltage level at the output of the device, it is necessary to input an "0" and "1" in the 4001/4308 in- 
struction code as a "P" and "N" respectively. However, for the Hex format, the 4001/4308 input should be specified accord- 
ing to the instruction code logic state, i.e., a "1" or "0." The below example shows the corresponding input for 4001 instruc- 
tion codes. For comparison, the input for an 8080A is also given as an example. 

1. 4001 Instruction Code 



4001 
Instruction 
Mnemonic 


4001 

Instruction 

Code 


Intellec Hex 

Or Non-1 ntellec 

Hex Input 


BPNF 
Input 


NOP 


0000 0000 


00 


BPPPPPPPPF 


WRM 


1110 0000 


EO 


BNNNPPPPPF 



2. 8080A instruction Code 



Instruction 
Mnemonic 


Instruction 
Code 


Intellec Hex 

Or Non-lntellec 

Hex Input 


BPNF 
input 


JMP 


1100 0011 


C3 


BPPNNNNPPF 


Push D 


1101 0101 


D5 


BPPNPNPNPF 
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B. Paper Tape Format 

The paper tape which should be used is 1" wide paper using 7 or 8-bit ASCII code (such as a Model 33 ASR Teletype pro- 
duces). The three paper tape formats which should be sent are described in Sections B1 through B3. 

B1. Inteilec Hex Paper Tape Format 

In the Intel Inteilec Hex Format, a data field can contain either 8 or 4-bit data. Two ASCII hexadecimal characters must be 
used to represent both 8 and 4-bit data. In the case of 4-bit data, only one of the characters is meaningful and must be 
specified on the Intel PROM/ROM Order Form. 

Preceding the first data field and following the last data field there must be a leader/trailer length of at least 25 null charac- 
ters. Comments (except for a colon) may be placed on the tape leader. 

The format described below is readily generated by the Intel Inteilec Microcomputer Development System or by systems 
programmed by the user. 

1. RECORD MARK FIELD: Frame 

The ASCII code for a colon {:) is used to signal the start of a record. 

2. RECORD LENGTH FIELD: Frames 1 and 2 

The number of data bytes in the record is representated by two ASCII hexadecimal digits in this field. The high-order 
digit is in frame 1. The maximum number of data bytes in a record is 255 (FF in hexadecimal). An end-of-file record 
contains two ASCII zeros in this field. 

3. LOAD ADDRESS FIELD: Frames 3-6 

The four ASCII hexadecimal digits in frames 3—6 give the address at which the data is loaded. The high-order digit is in 
frame 3, the lower-order digit in frame 6. The first data byte is stored in the location indicated by the load address; 
successive bytes are stored in successive memory locations. This field in an end-of-file record contains zeros or the start- 
ing address of the program. 

4. RECORD TYPE FIELD: Frames 7 and 8 

The two ASCII hexadecimal digits in this field specify the record type. The high-order digit is in frame 7. All data 
records are type 0; end-of-file records are type 1. Other possible values for this field are reserved for future expansion. 

5. DATA FIELD: Frames 9 to 9+2*(record length)-1 

A data byte is represented by two frames containing the ASCII characters 0—9 or A— F, which represent a hexadecimal 
value between and FF (0 and 255 decimal). The high-order digit is in the first frame of each pair. If the data is 4-blt, 
then either the high or low-order digit represents the data and the other digit o* the pair may be any ASCII hexadecimal 
digit. There are no data bytes in an end-of-file record. 
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6. CHECKSUM FIELD: Frames 9+2*(record length) to 9+2*(record length)+1 

The checksum field contains the ASCII hexadecimal representation of the two's complement of the 8-bit sum of the 
8-bit bytes that result from converting each pair of ASCII hexadecimal digits to one byte of binary, from the record 
length field to and including the last byte of the data field. Therefore, the sum of all the ASCII pairs in a record after 
converting to binary, from the record length field to and including the checksum field, is zero. 

Intellec Hex Example: 



1031000031 1A320E03117E31CD40003A9231B7C2EE 

1031100060310E00117031CD40003A9231B7C2607B 

10312000312A7E31227A310E03117E31CD40003AB0 

1031 30009231 B7C260312A8C317CB5CA50310E044D 

103140001 18831CD40003A9231B7C26031C3273186 

1 031 50000E01117A31CD40000E0911 9031 CD4000A1 

103160000E0C119231CD40000E09119031CD40006E 

0A3170007E31 9631 01 0000009231 IB 

10317C0092310100963180008C31923100009631F1 

04318E0092319231B7 

02319400923176 

0031 0001 CE 



B2. BPNF Paper Tape Format 

The format requirements are as follows: 

1. All data fields are to be punched in consecutive order, starting with data field (all addresses low). There must be 
exactly N data fields for a N x 8 or N x 4 device organizations. 

2. Each data field must begin with the start character B and end with the stop character F. There must be exactly 8 or 4 
data characters between the B and F for a N x 8 or N x 4 organization, respectively. 

NO OTHER CHARACTERS, SUCH AS RUBOUTS, ARE ALLOWED ANYWHERE IN A DATA FIELD. If in prepar- 
ing a tape an error is made, the entire data field, including the B and F must be rubbed out. Within the data field, a P 
results in a high level output, and an N results in a low level output 

3. Preceding the first data field and following the last data field, there must be a leader/trailer length of at least 25 charac- 
ters. This should consist of rubout punches (letter key for Telex tapes) or null characters. 

4. Between data fields, comments not containing B's or F's may be inserted. Carriage return and line feed characters 
should be inserted (as a "comment") after each 72 characters. When these carriage returns, etc., are inserted, the tape 
may be easily listed on the teletype for purposes of error checking. The customer may also find it helpful to insert the 
word number (as a comment) at least every four word fields. 

5. Included in the tape before the leader should be the customer's complete Telex or TWX number and If more than one 
pattern is being transmitted, the device pattern number. 

6. MSB and LSB are the most and least significant bit of the device outputs. Refer to the data sheet for the pin numbers. 



Example of BPNF 2048 x 8 format (N = 2048): 



Start Character 



1 



Stop Character 



n 



Data Field 



Leader: Null characters, BPPPNNNNNFBNNNNNNPPF. 

Rubout Key for TWX, or [ i i j 

Letter Key for Telex | [ 

(at least 25 frames) Word Field Word Field 1 



MSB LSB 

..BNPNPPPNNF sxTt Ke":fr™x:or 

I , 1 I 



1 

Word Field 2047 



Letter Key for Telex 
(at least 25 frames) 



Example of 512 x 4 format (N = 512) 
Start Character- 



Leader: Rubout Key 
for TWX and Letter 
Key for Telex (at least 
25 frames) 



• — I Stop Character 

T . i 

BPNPN F 



Word Field 



Data Field 

^ } 

BN N NN Fi 

J I , I 



Comment 
(see text) 



Word Field 1 



MSB LSB 

BPPPPF 

' ^ ' 

Word Field 511 



Trailer: Rubout Key 
for TWX and Letter 
Key for Telex (at least 
25 frames) 



4-51 



B3. Non-lntellec Hex Paper Tape Format 

For the non-lntellec Hex Format, a data field can contain either 8 or 4-bit data. Two ASCII hexadecimal characters must be 
used to represent both 8 and 4-bit data. In the case of 4-bit data, only one of the characters is meaningful and must be 
specified on the Intel PROM/ROM Order Form. 




Parity is allowed; however, it is not checked. Preceding the first data field and following the last data field there must be a 
leader/trailer length of at least 25 null characters or rubout punches. 

The format requirements are as follows: 

1. The start of the first data field is indicated by a colon. After the last data field, a semicolon must be punched to indi- 
cate the end. All data fields are to be punched in consecutive order, starting with data field OOh (all addresses low). 

2. Two hex characters must be used to represent the data field of both N word x 8-bit and N word x 4-bit devices. For an 
8-bit data field, the high order data is represented by the left justified character of the pair. Either character of the pair 
may be used to represent the word field of a N word x 4-bit device, however, it must be consistent throughout the word 
field. The other character may be any hex character. 

A field of "don't care" data is allowed. Data after a field of "don't care" will be programmed starting at an address 
location enclosed in parentheses. In the following example, data is entered in addresses OOh to 05h, followed with 
"don't care" from addresses 06h to 25h, data being entered again starting at address location 26h, and followed with 
"don't care" data to the last address location. 



Start Character 



|: h70F2145100FFh(26)h7B0890F1h ;, 



7 



Data Fields from 
Address OOh to 05 h 



Address Location 
where Data is to be 
Programmed 



Data Fields from 
Address 26 h to2AH 



End Character 



3. The x character may be used to rubout any erroneous character{s). The # character may be used to rubout an entire 
line up to the previous carriage return. 

4. Spaces are allowed only between separate word fields. 

5. After each 72 characters, a carriage return followed by a line feed should be punched to allow a print-out of the tape. 

6. Comments must be placed only between the tape leader and the start of the first data field. 

C. Computer Punched Card Format 

The following general format is applicable to the programming information sent on computer punched cards: 

1. An 80 column Hollerith card (interpreted) punched on an IBM 026 or 029 keypunch should be submitted. 

2. A single deck must consist of a Title Card followed by the data cards. There will be N/8 or N/14 data cards for N words 
X 8-bit and N words x 4-bit devices, respectively, in the PN format. 

For the Intellec Hex format, there will be N/32 data cards for both N words x 8-bit and N words x 4-bit devices, and 
one end of file card. 

01. Intellec Hex Computer Punched Card Format 

Two hex characters must be used to represent data for both a N word x 8-bit and N word x 4-bit device. For the latter, only 
one of the characters is meaningful and must be specified on the Intel PROM/ROM Order Form. The entire data field for all 
bits must be punched even if it is "don't care". 



DECIMAL NUMBER INDICATING 
THE TRUTH TABLE NUMBER 
NO. OF OUTPUTS 
4 or 8 



TITLE CARD 
DESIGNATION 



CUSTOMER'S 

DIVISION OR CUSTOMER'S 

LOCATION P/N 



NTEL 
P/N 



1 



I II II I I I I I I II II I 

I III III I I I I I 

10 oiii g| 01 o|o o|o g ° ^0 ° °|o f,f,f,° 'f.',!! 
1 1 11 1; ! I! Ill rrri inn m"! in Ml 1 11 11 HI 1 1 1 jj j " i J "I i " inn "in in in "ni in in in 

|133n3 3)3|J||3)]!|33|333)]3333)!]]J3|33||3!3 3|3|3]!33]l!333|33333]||33]3333]333 
4(U<lU<U<n<((<Un<U.<M(.UU4H<<(U<U4UUH(U«(UU|H4U«H|n<(M(U 
SSS5SSlSS|S|SSii|SSliSS5SSSS5SS55S5S|SSSSSSSSiiiSSb5SSSSSS5SSS|S551S5SS|S|5SSS5S 
UeUESeEH(U6|esetES|UG6686SSS6CEEe(88iE6(E6eES|6SSiSES6S66(6S6E$6SEEeeUS6eE 



ll«St8BI88e!8ti88tltl 
99|99999|939S899889Si 



888888888888888881 
99999199399199999! 



Column 


Data 


1 


Punch a T 


2-3 


Blank 


4-28 


Customer Company Name 


29-30 


Blank 


31-50 


Customer's Company Division or location 


51-52 


Blank 


53-61 


Customer Part Number 


62-63 


Blank 


64-72 


Punch the Intel 4-digit basic part number and 




in ( ) the number of output bits, e g., 2708 




(8), 2316 (8), or 3605 (4) 


73-74 


Blank 


75-76 


Chip number for ROMs with programmable 




chip select inputs. If not applicable, leave 




blank. 


77-78 


Blank 


79-80 


Punch a 2-digit decimal number to indicate 




truth table number. The first truth table 




will be 00, second 01, third 02, etc. 
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a. N word x 8-bit device 



Column 



Data 



1 Record mark: A colon is used to signal the 

start of a record. 
2—3 Record length: This is the count of the actual 
data bytes in the record. Column 2 con- 
tains the high order digit of the count, 
Column 3 contains the low order digit. A 
record length of zero indicates end of file. 
All frames containing data will have a 
maximum record length of 10hex bytes 
(16 decimal). 
4—7 Load address: The four characters starting 
addresses at which the following data will 
be loaded. The high order digit of the load 
address is in Column 4 and the low order 
digit is in Column 7. The first data byte is 
stored in the location indicated by the load 
address. Successive data bytes are stored in 
successive memory locations. ROMs con- 
taining more than 16 bytes of data will use 
two or more records or cards to transmit 
the data. Although the load address for the 
beginning record need not be 0000, each 
subsequent load address should be "IOh" 
(16 decimals) greater than the last. 
8—9 Record type: A 2-digit code in this field speci- 
fies the type of this record. The high order 
digit of this code is located in Column 8. 
Currently, all data records are type 0. End- 
of-file records will be type 1; they are dis- 
tinguished by a zero RECORD LENGTH 
field (see above). Other possible values for 
this field are reserved for future expansion. 

10-73 Data 

75—75 Checksum: Same as paper tape format. 

76-78 Blank 

79—80 Punch same 2-digit decimal number as in Title 
Card. 



b. N word x 4-bit device 

This format is identical to the previously documented 8-bit hexadecimal format with the following exceptions: 



Column 



Data 



10—73 Each memory location is represented by two 
columns containing the characters 0—9, 
A— F. Since this is 4-bit data, the user must 
indicate which character of each pair is to 
be used as valid data. A single deck must be 
submitted without mixing first and second 
characters of the pair. 
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C2. PN Computer Punched Card Format 

A word field consists of only P's and N's. A punched P will result in an output high level and a punched N in an output low 
level. The B and F characters, unlike the paper tape format, are illegal characters. The entire data field for all bits must be 
punched even if it is "don't care". The data field must begin in consecutive order, starting with address (all addresses 
logically low). 




TITLE CARD 
DESIGNATION 



CUSTOMER'S 
COMPANY NAME 



CUSTOMER'S 

DIVISION OR CUSTOMER'S 



DECIMAL NUMBER 

THE TRUTH TABLE 

NO. OF OUTPUTS 

4 or 8 

INTEL 

P/N 



INDICATING 
NUMBER 



LOCATION 



P/N 



I II II I 
I III III 

|OOOO|||OO0OO|OOOOO|O0OOOOOI)O 



1 1 1 



I M I I I 



1 1 1 1 1 



12l222l2222l2limitlll2222 
|333333333|3||333]|33|33333 
H 4 4 4 4 4 4 U 4 4 4 4 M 4 4 4 M H 4 4 4 4 
S5S5S5SSS|5|S5S5|SS5S555SSS 
66666666666666(1(6666(16666 

iiininninimiiimiiii 

886888188888838888866888868 
9 99 939 91939 93 91 991 9 39 991 9 99 



n;^;.■2 c.L'-'iU'- c.'^Lr- rews (s- 

I I I I I II II i 

I I I I I 

O0OO0|0O|O0O0O0OO000O0Q0O0OOO00OQO0O(l0O0|OOOOI)0 

1° I "i'n 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 M 1 1 1 1 1 1 n 1 1 1 1 1 1 1 1 1 1 1 1 M I 

?2 22 2122 2 22 2 22 2 22 2 222 2 2 222222 212222222 22 22222 2 2 
333333331 33 II 33331 313333333333 3 1333333 II 3333333 
4444444444444444444 44444444444 4 4|44444444|44444 
5555555155 55555555555555555555555|55555555|5|55 
6666 6666666666 66666681666666(6666666(666 66 66666 

niiiniimiiiiiiniiiiniiiiiniiiiiiiiimn 

8888888888 888888888888 6 88888 88868888 88 8 8 8811188 
99999999999999|99399|99999999999939999999393999 



oTN 



222? 
3333 
4444 
5555 
66(6 

iin 



rj 



Column 


Data 


1 


Punch a T 


2-3 


Blank 


4-28 


Customer Company Name 


29-30 


Blank 


31-50 


Customer's Company Division or location 


51-52 


Blank 


53-61 


Customer Part Number 


62-63 


Blank 


64-72 


Punch the Intel 4-digit basic part number and 




in ( ) the number of output bits; e.g., 2708 




(8), 2316 (8), or 3605 (4) 


73-74 


Blank 


75-76 


Chip number for ROMs with programmable 




chip select inputs. If not applicable, leave 




blank. 


11-1% 


Blank 


79-80 


Punch a 2-digit decimal number to indicate 




truth table number. The first truth table 




will be 00, second 01, third 02, etc. 



Title Card Format. 



For a N words X 4-bit organization only, cards 2 and 
those following should be punched as shown. Each card 
specifies the 4-bit output of 14 words. 



DECIMAL WORD 
ADDRESS BEGINNING 
EACH CARD 



LSB- 



MSB- 
14 DATA FIELDS 



-^r- 



DECIMAL NUMBER 

INDICATING THE 

TRUTH TABLE NUMBER 



X 



KwiiMiii PMPh hNhh PPPP tiMNf FfNti MhPP PPPh PflPt< PPNti r<FPF' ?\\\\\\ FFPP MHPP FUNF' 00^ 

nil nil nil nil nil iiii nil nil iiii nil iiii iiii nil nil 

II I n D D D H II 

1 1 i 1 1 1 1 1 1 1 1 1 1 1 1 n 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i 1 1 1 i 1 1 1 n 1 1 1 1 1 1 1 1 i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i 

2222 2222 2 22 2222222222222 22 222222222222222222222 2 22222222222222 2 2222222 22 22222 22Z 
33333 33333333 333 333333 3 3333 33333333 33 3333333 333 33 3333333 33333333 33 3 3 333 33 3333 333 
4444444444444444444444444444 Mi M444444 4444 4444444444444 44444 4444444 444444 444444 
55555 551515111155555511155 5 )||ol|bS5555|55|S|5 5511515555511155 5 5 551155 5511555 555 
i666S6666666666C666666666666(666686666666666S666S66666S666E&6S666666666 66666(666 

7 7r/7 7|7|/;;?J?7||||7;nl/||//;77||7nir/l7l7;||/77 7|||7l?77 7llll/7 7|l7|77l7/7;7 

8 88 8888 88 68888888888 88888888886868888888 888888888 888888888688888 888888888 8888888 

9 9 9 9 9 9 9 9 9 9 3 9 9 9 9 3 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 3 9 3 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 3 9 9 9 9 9 9 



Column 


Data 


1-5 


Punch the 5 digit declnnal equivalent of the 




binary coded location which begins each 




card. The address is right justified, i.e.. 




00000, 00014, 00028, etc. 


6 


Blank 


7-10 


Data Field 


11 


Blank 


12-15 


Data Field 


16 


Blank 


17-20 


Data Field 


21 


Blank 


22-25 


Data Field 


26 


Blank 


27-30 


Data Field 


31 


Blank 


32-35 


Data Field 


36 


Blank 


37^0 


Data Field 


41 


Blank 


42-45 


Data Field 


46 


Blank 


47-50 


Data Field 


51 


Blank 


52-55 


Data Field 


56 


Blank 


57-60 


Data Field 


61 


Blank 


62-65 


Data Field 


66 


Blank 


67-70 


Data Field 


71 


Blank 


72-75 


Data Field 


76-78 


Blank 


79-80 


Punch same 2 digit decimal number as In 




title card. 
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For a N words X 8-bit organization only, cards 2 and 
those following should be punched as shown. Each card 
specifies the 8-bit output of 8 words. 
LSB — 1 



MSB ■ 

DECIMAL WORD 
ADDRESS BEGINNING 
EACH CARD 

, I , , 



8 DATA FIELDS 



DECIMAL NUMBER 

INDICATING THE 

TRUTH TABLE NUMBER 



n r 



/.■■I ir. F't<f-t(t,HtiU F'FFFHtihF PF'HHHMFf- PPFTlMPPh PKitiNPPf NHririhFPF' MMFf'NritlF' PNtiPPtiUP UU 

llllllll llllllll llllllll llllllll llllllll llllllll llllllll llllllll 

IIIIIOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOODOOOOOOIIOOOOOOOOOOOOOOOOOOOOQOOOOOOOOII 

1 n' 1 i n 1 1 1 1 1 11 11 1 1 11 i' 1 n' 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 n 1 1 1 1 1 1 11 M 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 n 1 1 1 1 1 1 11 1 

22222 2 2 ?22 2 222 22 222 22 22 22 222222222222222222 22222222 2 222222222222222 22222 22 22 2222 
333333333333333333333333333 J J 333333333333333333333333333333333333333333333333333 
4UM4M4U44U44UnHH<44M( « J. H4M4M4U44444U44M444H44444444444444M4U 
5SSS5 5S|S|||||55 555|||5S55||||.D:>;,5S||SS|S5S|||3S5b|||||55S5l|SSlll5 55||S5ll5b5S 
i S !> 6 e e i; 6 6 6 6 6 6 b 6 6 6 6 6 6 6 6 6 6 C 6 b b 6 b b b D 6 6 6 6 6 6 6 e 6 6 6 B 6 b G 5 D 6 6 D 8 6 S D E D 6 D D D 6 6 5 5 6 D G 6 e 6 6 6 8 

7/7/n|;p7;,';.';lllli?/|7ll;//rll/lll//ll?/ll///lll;Mn;lll//7ll//,'l/l7/llf;l7:/ 

68888 eseeebt 888888888888 88Be8888S888888888888ee6eB888e88888868ee888ee 88888 888888 
9 9 b i M 9 ■) S 1 1 9 9 <; 9 5 3 9 9 9 9 <) 9 1 9 ? 5 H 9 M 9 9 1 9 9 9 9 9 9 9 5 9 9 9 9 9 3 1 3 9 9 9 9 S 9 3 9 1 1 "1 q q 9 q 9 9 9 S 1 5 1 9 9 9 9 9 9 



Column 


Data 


1-5 


Punch the 5 digit decimal equivalent of the 




binary coded location which begins each 




card. The address Is right justified, i.e.. 






6 


Blank 


7-14 


Data Field 


15 


Blank 


16-23 


Data Field 


24 


Blank 


25-32 


Data Field 


33 


Blank 


34-41 


Data Field 


42 


Blank 


43-50 


Data Field 


51 


Blank 


52-59 


Data Field 


60 


Blank 


61-68 


Data Field 


69 


Blank 


70-77 


Data Field 


78 


Blank 


79-80 


Punch same 2 digit decimal number as in 




title card. 




D. Custom PROM/ROM Order Forms 

All orders for PROMs/ROMs which are to be electrically or mask programmed at Intel must be submitted with the order 
forms shown on the following pages. Additional forms are available from Intel Literature Department, 3065 Bowers Ave., 
Santa Clara, California 95051. 



The order forms for the individual PROMs/ROMs are listed in Table II below. 



Table il 



PROM/ROM 


Order Form 


Part Number 


Number 


MOS EPROMs 


A 


8741,8748,8755 


A 


2316E, 2616 


B 


8041,8048,8049 


C 


2608 


D 


8355 


E 


Bipolar PROMs 


F 


4001 


G 


4308 


H 


8021 


1 


8022 


J 



4-55 



CUSTOMER EPROM 

ORDER FORM 

A 



1702A/4702A/8702A Family 

2708/8708/2704 Family 

2716, 2732, 2758, 8741, 8748, 8755 



Company Phone # 

Company Contact Date 

P.O. # Intel Device P/N 


For Intel Use Only 

APP 

Date 


All custom MOS EPROM orders must be submitted on this form. Programming information 
should be sent per the formats described in the Programming Instruction section of the Intel 
Data Catalog, Additional forms are available from Intel. 



MARKING 

The marking will consist of the Intel Logo, the product and package type (B1702A), the 
4-dlgit Intel pattern number (WWWW),an internal manufacturing traceability code (XXYY), 
and the customer part number {Z....Z). The customer part number Is limited to a maximum 
of 9 digits or spaces. 



1702A MARKING 
EXAMPLE 




FLOPPY DISK 

Programming information may be sent on Intel Microcomputer Development System Floppy Disk. When using this Input 
medium the floppy disk file name should be indicated in the Customer Part Number Section below. The type of floppy disk 
sent should also be indicated by checking one of the appropriate boxes: 



D Single Density 



D Double Density 



CUSTOMER PART NUMBER 



Customer P/N 
(Please Fill-in) 



2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 



Floppy Disk File Name 
(Please Fill-in) 







































Intel Pattern Number 

(Please Do Not Use) 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
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CUSTOMER 16K ROM 

ORDER FORM 

B 



2616 



ComDanv Phone # 




s#_ 

STD_ 
APP_ 
Date_ 


For Intel Use Only 


Companv Contact Date 






P.O. # Intel P/N & Pka 








l\ custom 16K ROM order must be submitted on this form. Programming 


information 


jhouid be sent per the formats described in the Programming Instruction section of the Intel 






Data Catalog. Additional forms are available from Intel. 









MARKING 

The marking will consist of the Intel Logo, the product and package type (P2316E), the 
4-digit Intel pattern number (WWWW), a date code (XXYY), and the customer part number 
(Z....Z). The customer part number is limited to a maximum of 9 digits or spaces. 

When authorized by the customer to ship 2616 PROMs against a 2316E order, the PROMs 
are marked with the dual part number 2616/2316E. 



)=, P2316E WWWW 
XXYY Z....Z 




P2316E MARKING EXAMPLE 



IMPORTANT MASK OPTION SPECIFICATION 

The 231 6E, 831 6A, and 831 6AL chip select inputs are mask programmable and must be specified by the user. The chip 
select logic levels must be specified with one of the below Chip Numbers. The Chip Number will be coded in terms of positive 
logic where a logic "1" is a high level input. It should be noted that Chip Number 4 for the 231 6E is compatible to Intel's 
2716 EPROM and 2616 PROM. 



Chip Number 


1 
2 
3 
4 
5 
6 
7 



CS3 






1 
1 
1 
1 



CS2 




1 
1 




1 
1 



CS1 



1 



1 



1 



1 



FLOPPY DISK 

Programming information may be sent on Intel Microcomputer Development System Floppy Disk. When using this input 
medium the floppy disk file name should be Indicated in the Customer Part Number Section below. The type of floppy disk 
sent should also be indicated by checking one of the appropriate boxes: 

D Single Density D Double Density 



CUSTOMER PART NUMBER 

Customer P/N 
(Please Fill-in) 



1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 



16K ROM 




Chip Number 




(Please Fill-in) 




1. L_J 


1. 


2. L_l 


2. 


3. LJ 


3. 


4. LJ 


4. 


5. LJ 


5. 


6. LJ 


6. 


7. LJ 


7. 


8. LJ 


8. 



Floppy Disk File Name 
(Please Fill-in) 



1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 



Intel Pattern Number 

(Please Do Not Use) 
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CUSTOMER 8041, 8048, 8049 ROM 

ORDER FORM 

C 



8041, 8048, 8049 



Company Phone # 

Company Contact Date 

P.0.# PackaaeTvoe: D Plastic D Cerdip 


s#_ 

STD_ 
APP_ 
Date_ 


For Intel Use Only 


All custom 8041, 8048 and 8049 orders be submitted on this form. Programming information 
should be sent per the formats described in the Programming Instruction section of the Intel 
Data Catalog. Additional forms are available from Intel. 



MARKING 

All devices will be marked as shown at the right figure. The marking will consist of the Intel 
Logo, the product and package type (P8048), the 4-digit Intel pattern number (WWWW), a 
date code (XXYY), and the customer part number (Z....Z). The customer part number is 
limited to a maximum of 9 digits or spaces. 







P8048 
XXYY 



WWWW 
Z....Z 



1 



P8048 MARKING EXAMPLE 



FLOPPY DISK 

Programming information may be sent on Intel Microcomputer Development System Floppy Disk. When using this input 
medium the floppy disk file name should be indicated in the Customer Part Number Section below. The type of floppy disk 
sent should also be indicated by checking one of the appropriate boxes: 



D Single Density 



D Double Density 



CUSTOMER PART NUMBER 
Customer P/N 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 



(Please Fiil-ln) 









































1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 



Floppy Disk File Name 
(Please Fill-in) 









































Intel Pattern Number 

(Please Do Not Use) 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 



4-58 



CUSTOMER 2608 

ORDER FORM 

D 



2608 



Company Phone # 
Company Contact Date 


For Intel Use Only 

s# 

STD 
APP 
Date 

1 


P.O. # Intel Dfivine P/N 


All custom 2608 orders must be submitted on this form. Programming information should 
be sent per the formats described in the Programming Instruction section of the Intel Data 
Catalog. Additional forms are available from Intel. 



MARKING 

The marking will consist of the Intel Logo, the product and package type (D2608), the 
4-digit Intel pattern number (WWWW), an internal manufacturing traceability code (XXYY), 
and the customer part number (Z....Z). The customer part number is limited to a maximum 
of 9 digits or spaces. 



MARKING 
EXAMPLE 



a D2608 
XXYY 







WWWW 
Z....Z 




FLOPPY DISK 

Programming information may be sent on Intel Microcomputer Development System Floppy Disk. When using this input 
medium the floppy disk file name should be indicated in the Customer Part Number Section below. The type of floppy disk 
sent should also be indicated by checking one of the appropriate boxes: 



D Single Density 



D Double Density 



CUSTOMER PART NUMBER 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 



Customer P/N 
(Please Fill-in) 

i 1 1 1 1 1 ! 1 1 1 1 


1 1 1 1 1 1 1 1 1 1 1 


1 1 1 1 1 1 1 i 1 1 1 


1 1 1 1 1 1 1 1 1 1 1 


1 1 1 1 1 1 1 1 1 1 1 


1 1 1 1 1 i 1 1 1 i 1 


1 1 1 1 1 1 1 1 1 1 1 


1 1 1 1 1 1 1 1 1 1 1 


1 1 1 1 1 1 1 i 1 I 1 


i i 1 1 i 1 1 1 1 1 1 


1 1 1 1 1 1 1 1 1 1 1 


1 1 1 1 1 1 i 1 1 1 1 


1 1 1 1 1 1 1 1 1 1 1 


1 1 1 1 1 1 1 1 1 1 1 


i 1 i 1 1 1 1 i 1 1 1 


1 1 1 1 1 1 1 1 1 1 1 


1 1 1 1 1 1 1 1 1 1 1 


1 1 1 1 1 1 1 1 1 1 1 


1 1 1 1 1 1 1 1 1 1 1 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 



Floppy Disk File Name 
(Please Fill-in) 




































1 1 1 1 1 1 1 1 1 1 1 



Intel Pattern Number 

(Please Do Not Use) 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
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CUSTOMER 8355 ROM 

ORDER FORM 

E 



8355 



Company Phone # 
Company Contact Date 


s#_ 

STD_ 
APP_ 
Date_ 


For Intel Use Only 


P.O. # Package Type: D Plastic H CerHip 


All custom 8355 orders must be submitted on this form. Programming information should 
be sent per the formats described in the Programming Instruction section of the Intel Data 
Catalog. Additional forms are available from Intel. 



MARKING 

All devices will be marked as shown at the right figure. The marking will consist of the Intel 
Logo, the product and package type (P8355), the 4-digit Intel pattern number (WWWW), a 
date code (XXYY), and the customer part number (Z....Z). The customer part number is 
limited to a maximum of 9 digits or spaces. 



D 


P8355 


WWWW 


XXYY 


Z....Z 



1 

P8355 MARKING EXAMPLE 



FLOPPY DISK 

Programming information may be sent on Intel Microcomputer Development System Floppy Disk. When using this input 
medium the floppy disk file name should be indicated in the Customer Part Number Section below. The type of floppy disk 
sent should also be indicated by checking one of the appropriate boxes: 

D Single Density D Double Density 



CUSTOMER PART NUMBER 

Customer P/N 
(Please Fill-in) 



1. 
2. 
3. 
4. 
5. 
6. 
7. 



9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 



1. 
2. 
3. 

4. 

5- 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 



Floppy Disk File Name 
(Please Fill-in) 









































1 

2. 

3 

4 

5, 

6 

7. 

8, 

9, 

10, 

11 

12 

13 

14 

15. 

16 

17 

18. 

19. 

20. 



Intel Pattern Number 

(Please Do Not Use) 
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CUSTOMER BIPOLAR PROM 

ORDER FORM 

F 



36AA PROM 



Company 

Company Contact _ 
P.O. # 



Phone #_ 
Date 



Intel Device P/N_ 



Ml custom bipolar PROM orders must be submitted on this form. Programming informa- 
tion should be sent per the formats described in the Programming Instruction section of the 
Intel Data Catalog. Additional forms are available from Intel. 



IMPORTANT HEX AND INTELLEC HEX FORMAT INFORMATION 

^ word field must be 8 bits in the hex format. Consequently for N words by 4-bit devices such as the 3625A, it is important that 
/on indicate by checking the box below whether the submitted tape or card deck for programming is right or left justified. 




D Right Justified 



D Left Justified 



MARKING 

All devices will be marked as shown at the right figure. The marking will consist of the Intel 
Logo, the product and package type (D36AA), the 4-digit Intel pattern number (WWWW), a 
date code (XXYY), and the customer part number (Z....Z). The customer part number is 
limited to a maximum of 9 digits or spaces. 



D D36AA 

XXYY WWWW 

zzzzzzzzz 



D36AA MARKING EXAMPLE 



FLOPPY DISK 

Programming information may be sent on Intel Microcomputer Development System Floppy Disk. When using this input 
medium the floppy disk file name should be indicated in the Customer Part Number Section below. The type of floppy disk 
sent should also be indicated by checking one of the appropriate boxes: 

D Single Density 



D Double Density 



CUSTOMER PART NUMBER 



Customer P/N 
(Please Fill-in) 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 



Floppy Disk File Name 
(Please Fill-in) 































Intel Pattern Number 

(Please Do Not Use) 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
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Intel 



4001 



INTEL CORPORATION, 3065 Bowers Avenue, Santa Clara, CA 95051 (408) 246-7501 



CUSTOMER 4001 ROM 

ORDER FORM 

G 




All custom ROM orders must be submitted on forms provided by Intel. Programming information should be sent in the 
form of computer punched cards or punched paper tape. In either case, a printout of the truth table must accompany the 
order. Refer to MCS-40*"^ User's Manual for complete pattern specifications. Alternatively, the accompanying truth table 
may be used. Additional forms are available from Intel. 



Customer 


(Intel 

s# 

STD 
APP 
Date 


use 


only) 


PPPP 




— 




77 


P.O. Number 


HD 


Date 





The marking as shown at right must contain the Intel 
logo, the product type (P4001), the four-digit Intel 
pattern number (PPPP), a date code (XXXX), and the 
two-digit chip number (DD). A customer identification 
number ( maximum 6 characters or spaces ) may be subs- 
tituted for the chip number (ZZ). 

Customer Identification Number 




Date Code 



Intel Pattern 
Number 



Chip Number or 
Customer Number 



MASK OPTION SPECIFICATIONS 



A. 
B. 



Chip Number {DD)_ 



.(must be specified — any number from 1 through 15) 



I/O Option — Specify the connection numbers for each I/O pin (see next page). Examples of some of the possible I/O 
options are shown below: 

DESIRED OPTION - CONNECTIONS REQUIRED 

1 . Non-inverting output — 1 and 3 are connected. 

2. Inverting output — 1 and 4 are connected. 

3. Non-inverting input (no input resistor) — only 5 is connected. 

4. Inverting input (input resistor to Vss) — 2, 6, 7, and 9 are connected. 

5. Non-inverting input (input resistor to Vdd^ — 2, 7, 8, and 10 are connected. 

6. If inputs and outputs are nnixed on the same port, the pins used as the outputs must have the internal resistor 
connected to either Vqd or Vss ^^ ^"^^1 9 or 8 and 10 must be connected). This is necessary for testing purposes. 
For example, if there are two inverting inputs (with no input resistor) and 2 non-inverting outputs, the connection 
would be made as follows: 

Inputs - 2 and 6 are connected. 

Outputs — 1,3, 8, and 9 are connected or 1, 3,8, and 10 are connected. 
If the pins on a port are all inputs or all outputs the internal resistors do not have to be connected. 

4001 Custom ROM Pattern — Programming information should be sent in the form of computer punched cards or 
punched paper tape. In either case, a printout of the truth table must accompany the order. Refer to Intel's Data 
Catalog for complete pattern specifications. Alternatively, the accompanying truth table may be used. Based on the 
particular customer pattern, the characters should be written as a "P" for a high level output = n-logic "0" (negative 
logic "0") or an "N" for a low level output = n-logic "1" (negative logic "1"). 



Note that NOP = BPPPP PPPPF -- 

Intel 1977 



0000 0000. 
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4001 I/O Options 



DATA 

BUS 

OUTPUT 

BUFFER 



"f— *-*—0 Do 
(PIN 1) 



SET 
LOGIC 






O-f-OI/Oo 
(PIN 16) 



6 62 




l/Oo(PIN16) 

CONNECTIONS DESIRED: 

(List numbers and circle connections on schennatic.) 

a. For T"^L compatibility on the I/O lines, the supply voltages 
should be Vqd = -10V ± 5%, Vss = +5V ± 5%. 

b. If non-inverting input option is used, V|l = -6.5 V maximum 
(notTTL). 




I/O, (PIN 15) 

CONNECTIONS DESIRED: 

(List numbers and circle connections on schematic.) 

a. For T'^L compatibility on the I/O lines, the supply voltages 
should be Vqd = "lOV ± 5%, Vss = +5V ± 5%. 

b. If non-inverting input option is used, V|l = -6.5V maximum 
(notTTL). 



DATA 

BUS 

OUTPUT 

BUFFER 



f * > O D2 
(PIN 3) 



(P1N4) 



SET 
LOGIC 



I to 



'> O O o^ • 00 -' 





l/02(PIN14) 

CONNECTIONS DESIRED: 

(List numbers and circle connections on schematic.) 

a. For T^L compatibility on the I/O lines, the supply voltages 
should be Vpo = -10V ± 5%, Vss = +5V ± 5%. 

b. If non-inverting input option is used, V|l = -6.5V maximum 
(not TTL). 



I/03(PIN13) 

CONNECTIONS DESIRED: 

(List numbers and circle connections on schematic.) 

a. For T^L compatibility on the I/O lines, the supply voltages 
should be Vqd = -10V ± 5%, Vss = +5V ± 5%. 

b. If non-inverting input option is used, V|j_ = -6.5V maximum 
(notTTL). 
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iny 



4308 



INTEL CORPORATION, 3065 Bowers Avenue, Santa Clara, CA 95051 (408) 246-7501 



CUSTOMER 4308 ROM 

ORDER FORM 

H 



4308 METAL MASKED ROM 

All custom ROM orders must be submitted on forms provided by Intel. Programming information should be sent in the 
form of computer punched cards or punched paper tape. In either case, a printout of the truth table must accompany the 
order. Refer to the 4308 Data Catalog for complete pattern specifications. Additional forms are available from Intel. 



Customer 




(Intel 

s# 

SID 
APP 
Date 


jse only) 


PPPP 


AHdrpss 




zz 




on 


P.O. Number 


Date 





INTEL STANDARD MARKING 

The marking as shown at right must contain the Intel 
logo, the product type (P4308), the four-digit Intel 
pattern number (PPPP), a date code (XXXX), and the 
two-digit chip number (DD). A customer identification 
number ( maximum 6 characters or spaces ) may be subs- 
tituted for the chip number (ZZ). 

Customer Identification Number 



ROM DESCRIPTION 

Chip Select Value (0-3) 

In the table below, select the connections which should 



.(must be specified) 



be made for each of the 16 1/0 port input lines. Avoid 
the use of illegal options — refer to the MCS-40^ User's 
Manual. 

Mark the appropriate box for an option connection. 
Leave a blank for a no connection. 



Intel Pattern 
Number 




Chip Number or 
Customer Number 



Date Code 



PIN 


OPTION 1 


I/O Go 


27 




2 


3 




5 


6 




8 


9 


10 




l/OOi 


26 




2 


3 




5 


6 




8 


9 


10 




I/O 02 


25 




2 


3 




5 


6 




8 


9 


10 




I/OO3 


24 




2 


3 




5 


6 




8 


9 


10 




I/OI0 


5 




2 


3 




5 


6 




8 


9 


10 




I/OI1 


4 




2 


3 




5 


6 




8 


9 


10 




I/OI2 


3 




2 


3 




5 


6 




8 


9 


10 




I/OI3 


2 




2 


3 




5 


6 




8 


9 


10 




l/0 2o 


17 




2 


3 




5 


6 




8 


9 


10 




l/0 2i 


16 




2 


3 




5 


6 




8 


9 


10 




1/0 22 


15 




2 


3 




5 


6 




8 


9 


10 




1/023 


14 




2 


3 




5 


6 




8 


9 


10 




l/0 3o 


21 




2 


3 




5 


6 




8 


9 


10 




l/0 3i 


20 




2 


3 




5 


6 




8 


9 


10 




1/0 32 


19 




2 


3 




5 


6 




8 


9 


10 




1/0 33 


18 




2 


3 




5 


6 




8 


9 


10 





© Intel 1977/Printed in U.S.A. 







- 








DATA 

BUS 

OUTPUT 






ROM 


MUX 


. 


..| 


PATTERN 
















' 












: 












^ 










3 







SET 
LOGIC 



Q 
OUTPUT 

L/F 
RESET S 



°|10 



I/OnU-O 



c: 



CLK 
INPUT 



T 



^^ 



I/O PORT LINE OPTION 



> Vss 
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Intel 



INTEL CORPORATION, 3065 Bowers Avenue, Santa Clara, California 95051 (408) 987-8080 

CUSTOMER 8021 ROM 
ORDER FORM 

I 



Company 



Company Contact 
P.O. No 



Phone No. . 
Date 



Package Type: n Plastic 



n Cerdip 



All custom 8021 orders must be submitted on this form. Programming information should be 
sent in the form of computer punched cards or punched paper tape per the formats described 
in the Programming Instruction section of the Intel Data Catalog. 8748's may also be used to 
input programming information for the 8021. Additional forms are available from Intel. 



For Intel Use Only 



SNo. . 
STD_ 
APP>_ 



DATE 



MARKING 

All devices will be marked as shown at the right figure. The marking will consist of the Intel 
Logo, the product and package type (P8021), the 4-digit Intel pattern number (WWWW), a 
date code (XXYY), and the customer part number (Z....Z). The customer part number is 
limited to a maximum of 9 digits or spaces. 



I 



P8021 



XXYY 



WWWW 



Z....Z 



P8021 MARKING EXAMPLE 



CUSTOMER PART NUMBER 

Customer P/N 

(Please Fill-in) 

I 1 \ I \ I \ \ L_J 



Intel Pattern Number 

(Please Do Not Use) 

_i_J L_J I LJ I 



I/O Mask Options 

Specify the desired connection for each I/O line on Port and for the T1 input by marking only one box for each pin. 

OPTIONAL PULLUP RESISTOR 

Port 0: Y 

Option 1 deletes the pullup resistor on the I/O line < 

providing true open drain outputs. 1 

Option 2 includes the pullup resistor on the I/O line Ip 

providing a quasi-bidirectional line. 1 o 



PIN 


0P1 
1 


noN 

2 


POO 4 






P01 5 






P02 6 






P03 7 






P04 8 






P05 9 






P06 10 






P07 11 






T1 13 







-H 



Option 1 deletes the pullup resistor for use as a zero 
cross detection input. 

Option 2 includes the pullup resistor for use with an 
external switch or standard TTL. 



OPTIONAL PULLUP RESISTOR 
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Intel 



INTEL CORPORATION. 3065 Bowers Avenue, Santa Clara, California 95051 (408) 987-8080 

CUSTOMER 8022 ROM 

ORDER FORM 

J 



Company 



Company Contact 
P.O. No. 



Phone No. 
Date 



Package Type: n Plastic 



n Cerdip 



All custom 8022 orders must be submitted on this form. Programming information should be 
sent in the form oi computer punched cards or punched paper tape per the formats described 
in xhv Programmmg Instruction section of the Intel Data Catalog. 8755's may also used to 
input programming information for the 8022. Additional forms are available from Intel. 



SNo. - 
STD__ 
APP__ 
DATE 



For Intel Use Only 



MARKING 

All devices will be marked as shown at the right figure. The marking will consist of the Intel 
Logo, the product and package type (P8022), the 4-digit Intel pattern number (WWWW), a 
date code (XXYY), and the customer part number (Z....Z). The customer part number is 
limited to a maximum of 9 digits or spaces. 



I 



P8022 



XXYY 



WWWW 



Z....Z 



P8022 MARKING EXAMPLE 



CUSTOMER PART NUMBER 

Customer P/N 

(Please Fill-ln) 

1 \ I I I I I \ \ I 



Intel Pattern Number 

(Please Do Not Use) 

J \ \ \ I \ J I 



I/O Mask Options 

Specify the desired connection for each I/O line on Port and for the T1 input by marking only one box for each pin. 

OPTIONAL PULLUP RESISTOR 



PIN 


OPl 
1 


noN 

2 


POO 10 






P01 11 






P02 12 






P03 13 






P04 14 






P05 15 






P06 16 






P07 17 






T1 19 







Port 0: 

Option 1 deletes the pullup resistor on the I/O line 
providing true open drain outputs. 

Option 2 includes the pullup resistor on the I/O line 
providing a quasi-bidirectional line. 



T1: 



Option 1 deletes the pullup resistor for use as a zero 
cross detection input. 

Option 2 includes the pullup resistor for use with an 
external switch or standard TTL. 



OPTIONAL PULLUP RESISTOR 
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II. MOSEPROMs 

A. Erasure Procedure 

As stated in the EPROM related data sheets, the recommended erasure procedure to use with EPROMs is to illuminate the 
window with a UV lamp which has a wavelength of 2537 Angstroms (A). The data sheets specify a distance of 1 inch and 
erase times of 10—45 minutes, depending on the type of device and UV lamp. Actually, the amount of time required to erase 
a device can be concisely stated in terms of the amount of UV energy incident to the window, expressed in Watt-seconds per 
square centimeter (W-sec/cm2). Table III lists the required integrated dosage (UV intensity X exposure time) for the EPROMs 
currently in production by Intel. 

Table III. Required Erase Energy for Device Types 



Device Type 


2537A Erase Energy 


1702A/4702A 


6 W-sec/cm2 


All other 


15W-sec/cm2 


Intel EPROMs 




or EPROMs 




with I/O ports 






The erase energy expressed in Table III includes a guardband to ensure complete erasure of all bits. It is not sufficient to 
monitor ''first bit" erasure to determine erasure time, as some other bits in ttie array may not be erased. 

A1. UV Sources 

There are several models of UV lamps that can be used to erase EPROMs (see Table IV). The model numbers in the table refer 
to lamps manufactured by Ultra Violet Products of San Gabriel, California. In addition, there are several other manufacturers, 
including Data I/O (Issaquah, Wash.), PROLOG (Monterey, Calif.). Prometrics (Chicago, III.), and Turner Designs (Mt. View, 
Calif.). The individual manufacturers should be consulted for detailed product descriptions. Also shown in the table are 
typical erase times for various combinat^ons of Intel PROMs and lamp intensities. 

Table IV. 



Model 


Power Rating 


Minimum Erase Time for Indicated Dosage 
Without a Filter Over the Bulb 


6 W-sec 
1702A, 
4702A 


15 W-sec 

All Intel EPROMs 

or EPROMs with I/O 

Ports Except the 

1702A/4702A 


R-52 

S-52 

S-68 

UVS-54 

UVS-11 


13000iuW/cm2 

12000MW/cm2 

12000MW/cm2 

5700MW/cm2 

5500iuW/cm2 


7.7 min 

8.3 min 

8.3 min 

17.5 min 

18.2 min 


19.2 min 
20.7 min 

20.7 min 

43.8 min 
45.6 min 



According to the manufacturers, the output of the UV lamp bulbs decrease with age. The output of the lamp should be 
verified periodically to ensure that adequate intensities are maintained. If this is not done, bits may be partially erased which 
will interfere with later programming and/or operation at high temperature. 

For lamps other than those listed, the erase time can be determined by using a UV intensity meter, such as the Ultra Violet 
Products Model J-225. When a meter is used, the intensity should be measured at the same position (distance from the lamp) 
as the EPROMs to be erased. This will require careful positioning to insure that the sensor will receive the same amount of 
UV light that the window of the EPROM will receive. 

The sensors used with most UV intensity meters show reduced output with constant exposure to UV light. Therefore, they 
should not be permanently placed inside the erasure enclosure, they should only be used for periodic measurements. 
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B. 1702A/1702AL Family Programming 

The 1702A/1702AL is erased by exposure to high intensity short wave ultraviolet light at a wavelength of 2537A. The recom- 
mended integrated dose (i.e., UV intensity X exposure time) is 6 W-sec/cm2. An example of an ultraviolet source which can 
erase the 1702A/1702AL in 10 to 20 minutes is the Model S52 short wave ultraviolet lamp. The lamp should be used without 
short wave filters and the PROM should be placed within 1 inch away from the lamp tubes. 

Initially, all 2048 bits of the PROM are In the "0" state (output low). Information is introduced by selectively programming 
"^"s (output high) in the proper bit locations. 

Word address selection is done by the same decoding circuitry used in the READ mode. All 8 address bits must be in the 
binary complement state when pulsed Vqc and Vqg move to their negative levels. The addresses must be held in their binary 
complement state for a minimum of 25 jusec after Vdd ai^d Vqg have moved to their negative levels. The addresses must then 
make the transition to their true state a minimum of 10 fisec before the program pulse is applied. The addresses should be 
programmed in the sequence through 255 for a minimum of 32 times. The eight output terminals are used as data inputs to 
determine the information pattern in the 8 bits of each word. A low data input level (-48V) will program a "1" and a high 
data input level (ground) will leave a "0". All 8 bits of one word are programmed simultaneously by setting the desired bit 
information patterns on the data input terminals. 

During the programming, VqG/ Vqd and the Program Pulse are pulsed signals. See page 4-12 for required pin connections 
during programming. 



1702A, 1702AL 
D.C. and Operating Characteristics for Programming Operation 

Ta = 25°C, Vcc = OV, Vbb = + 12V ±10%, CS = OV unless otherwise noted 



Symbol 


Test 


Min. 


Typ. 


Max. 


Unit 


Conditions 


'liip 


Address and Data Input Load Current 






10 


mA 


V|N = -48V 


'L!2P 


Program and Vqg Load Current 






10 


mA 


V|N = -48V 


iBBfl^ 


Vbb Supply Load Current 




10 




mA 




lDDpf2] 


Peak Ido Supply Load Current 




200 




mA 


Vdd = VpROG = -48V, 
Vgg = -35V 


VlHP 


Input High Voltage 






0.3 


V 




VlLIP 


Pulsed Data Input Low Voltage 


-46 




-48 


V 




V|L2P 


Address Input Low Voltage 


-40 




-48 


V 




V|L3P 


Pulsed Input Low Vqd and 
Program Voltage 


-46 




-48 


V 




V|L4P 


Pulsed Input Low Vgg Voltage 


-35 




-40 


V 





Notes: 1. The Vbb supply must be limited to 100mA max. current to prevent damage to the device. 

2. IddP flows only during Vqq, Vqq on time. IddP should not be allowed to exceed 300mA for greater than lOOjUsec. Average 
power supply current IddP 's typically 40mA at 20% duty cycle. 
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ROM/PROM PROGRAMMING INSTRUCTIONS 



1702A, 1702AL 

A.C. Characteristics for Programming Operation 

Tambient = 25° C, Vcc = OV, Vbb = + 12V ±10%, CS = OV unless otherwise noted 



Symbol 


Test 


Min. 


Typ. 


Max. 


Unit 


Conditions 




Duty Cycle (Vdd, Vqg) 






20 


% 




t^PW 


Program Pulse Width 




2 


3 


ms 


Vgg = -35V, 

Vdd = Vprog=-48V 


tow 


Data Set- Up Time 


25 






MS 




tDH 


Data Hold Time 


10 






MS 




tvw 


Vdd. Vgg Set-Up 


100 






MS 




tVD 


Vdd. Vgg Hold 


10 




100 


MS 




tACW 


Address Complement Set-Up 


25 






MS 




tACH 


Address Complement Hold 


25 






MS 




tATW 


Address True Set-Up 


10 






MS 




tATH 


Address True Hold 


10 






MS 





PROGRAM WAVEFORMS 

Conditions of Test: 



Input pulse rise and fall times <lMsec 
CS = OV 



PULSED Vdd 
POWER SUPPLY 




PULSED Vqg 
POWER SUPPLY 



PROGRAMMING 
PULSE 
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C. 2708/2704 Family Programming 

Initially, and after each erasure, all 8192/4096 bits of the 2708/2704 are in the "1" state (output high). Information is intro- 
duced by selectively programming "0" into the desired bit locations. A programmed "0" can only be changed to a "1" by 
UV erasure. 

The circuit is set up for programming operation by raising the CS/WE input (pin 20) to -I-12V. The word address is selected in 
the same manner as in the read mode. Data to be programmed are presented, 8 bits in parallel, to the data output lines 
(Oi— Os). Logic levels for address and data lines and the supply voltages are the same as for the read mode. After address and 
data set up, one program pulse per address is applied to the program input (pin 18). One pass through all addresses is defined 
as a program loop. The number of loops (N) required Is a function of the program pulse width (tpw) according to N x tpw 
> 100 ms. 

The width of the program pulse is from 0.1 to 1 ms. The number of loops (N) is from a minimum of 100 (tpw = 1 ms) to 
greater than 1000 (tpw = 0.1 ms). There must be N successive loops throuhg all 1024 addresses. It is not permitted to apply N 
program pulses to an address and then change to the next address to be programmed. Caution should be observed regarding 
the end of a program sequence. The CS/WE falling edge transition must occur before the first address transition when chang- 
ing from a program to a read cycle. The program pin should also be pulled down to V|lp with an active instead of a passive 
device. This pin will source a small amount of current (I|ll) when CS/WE is at V|hw (12V) and the program pulse is at VjLp. 

Programming Examples (Using N x tpw > 100 ms) 

Example 1 : All 8096 bits are to be programmed with a 0.5 ms program pulse width. 

The minimum number of program loops is 200. One program loop consists of words to 1023. 

Example 2: Words to 100 and 500 to 600 are to be programmed. All other bits are "don't care". The program pulse 
width is 0.75 ms. 

The minimum number of program loops is 133. One program loop consists of words to 1023. The data 
entered into the "don't care" bits should be all 1's. 

Example 3: Same requirements as example 2, but the PROM is now to be updated to include data for words 750 to 770. 

The minimum number of program loops is 133. One program loop consists of words to 1023. The data 
entered Into the "don't care" bits should be all I's. Addresses to 100 and 500 to 600 must be re-program- 
med with their original data pattern. 

2704, 2708 Family 

PROGRAM CHARACTERISTICS 

Ta = 25° C, Vcc = 5V ±5%, Vdd = +1 2V ±5%, Vbb = -5V ±5%, Vss = OV, Unless Otherwise Noted. 

D.C. Programming Characteristics 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


ILI 


Address and CS/WE Input Sink Current 






10 


mA 


V||M = 5.25V 


•iPL 


Program Pulse Source Current 






3 


mA 




l|PH 


Progrann Pulse Sink Current 






20 


mA 




'dd 


2708; 2704 




50 


65 


mA 


Worst Case Supply 
Currents^^^ 
All Inputs High 
CS/WE = 5V;Ta = 0°C 


2708L 




21 


28 


mA 


•go 


2708, 2704 




6 


10 


mA 


2708 L 




2 


4 


mA 


IBB 


2708, 2704 




30 


45 


mA 






10 


14 


mA 


V|L 


Input Low Level (except Progrann) 


Vss 




0.65 


V 




V|H 


2708, 2704 

Input High Level For all Addresses 


3.0 




Vcc+1 


V 




and Data 

2708 L 


2.2 




Vcc+1 


V 




V|HW 


CS/WE Input High Level 


11.4 




12.6 


V 


Referenced to Vss 


V|HP 


Program Pulse High Level 


25 




27 


V 


Referenced to Vss 


V|LP 


Program Pulse Low Level 


Vss 




1 


V 


V|Hp-V,Lp25Vmln. 



Note 1. Ibb fo"" ^1^6 2708L is specified in the programmed state and is 18 mA maximum in the unprogrammed state. 
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A.C. Programming Characteristics 


Symbol 


Parameter 


Min. 


Typ. 


Max. 


Units 


tAS 


Address Setup Time 


10 






MS 


tcss 


CS/WE Setup Time 


10 






MS 


tDS 


Data Setup Time 


10 






MS 


tAH 


Address Hold Time 


1 






MS 


tCH 


CS/WE Hold Time 


.5 






MS 


tDH 


Data Hold Time 


1 






MS 


tDF 


Chip Deselect to Output Float Delay 







120 


ns 


tpPR 


Program To Read Delay 






10 


MS 


tpw 


Program Pulse Width 


.1 




1.0 


ms 


tpR 


Program Pulse Rise Time 


.5 




2.0 


MS 


tpF 


Program Pulse Fall Time 


.5 




2.0 


MS 



NOTE: Intels standard product warranty applies only to devices programmed to specifications described herein. 



2704, 2708 Family 
Programming Waveforms 




NOTE 1. THE CS/WE TRANSITION MUST OCCUR AFTER THE PROGRAM PULSE TRANSITION 

AND BEFORE THE ADDRESS TRANSITION. 
NOTE 2. NUMBERS IN ( ) INDICATE MINIMUM TIMING IN liS UNLESS OTHERWISE SPECIFIED. 
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D. 2716 And 2758 Programming 

Initally, and after each erasure, all bits of the 2716/2758 are in the "1" state. Information is introduced by selectively pro- 
gramming "0" into the desired bit locations. A programmed "0" can only be changed to a "^" by UV erasure. 

The 2716/2758 is programmed by applying a 50 ms, TTL programming pulse to the CE/PGM pin with the OE input high and 
the Vpp supply at 25V ilV. Any location may be programmed at any time — either individually, sequentially, or randomly. 
The programming time for a single bit is only 50 ms and for all bits is approximately 100 and 50 seconds for the 2716 and 
2758 respectively. The detailed programming specifications and timing waveforms are given in the following tables and 
figures. 

CAUTION: The Vqc and Vpp supplied must be sequenced on and off such that Vqq 's applied simultaneously or before 
Vpp and removed simultaneously or after Vpp to prevent damage to the 2716/2758. The maximum allowable 
voltage during programming which may be applied to the Vpp with respect to ground is +26V. Care must be 
taken when switching the Vpp supply to prevent overshoot exceeding the 26-volt maximum specification. For 
convenience in programming, the 2716/2758 may be verified with the Vpp supply at 25V ±1V. During normal 
read operation, however, Vpp must be at Vcc. 



2716 AND 2758 PROGRAM CHARACTERISTICS'^^ 



Ta = 25°C ±5°C, Vcc^^' = 5V ±5%, Vppf2.31 = 25V ±1 V 
D.C. Programming Characteristics 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


•li 


Input Current (for Any Input) 






10 


fiA 


V,N = 5.25V/0.45 


Ippl 


Vpp Supply Current 






5 


mA 


CE/PGM = V|L 


Ipp2 


Vpp Supply Current During 
Programming Pulse 






30 


mA 


"CE/PGM = V|H 


Ice 


Vcc Supply Current 






100 


mA 




V|L 


Input Low Level 


-0.1 




0.8 


V 




V|H 


Input High Level 


2.0 




Vcc+1 


V 




A.C. Prog 


ramming Characteristics 








Symbol 


Parameter 


Min. 


Typ. 


Max. 


Units 




tAS 


Address Setup Time 


2 






jUS 




tOES 


OE Setup Time 


2 






/iS 




tDS 


Data Setup Time 


2 






MS 




tAH 


Address Hold Time 


2 






jUS 




tOEH 


OE Hold Time 


2 






MS 




tDH 


Data Hold Time 


2 






/iS 




tDF 


Output Enable to Output Float Delay 







120 


ns 


CE/PGM = V|L 


^OE 


Output Enable to Output Delay 






120 


ns 


CE/PGM = V,L 


tpw 


Program Pulse Width 


45 


50 


55 


ms 




tpRT 


Program Pulse Rise Time 


5 






ns 




tPFT 


Program Pulse Fall Time 


5 






ns 





NOTES: 1 . Intel's standard product warranty applies only to devices programmed to specifications described herein. 

2. Vcc fTiust be applied simultaneously or before Vpp and removed simultaneously or after Vpp The 2716/2758 must not be 
inserted into or removed from a board with Vpp at 25 +1V to prevent damage to the device. 

3. The maximum allowable voltage which may be applied to the Vpp pin during programming is +26V. Care must be taken when 
switching the Vpp supply to prevent overshoot exceeding this 26V maximum specification. 
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A.C. Conditions of Test: 

Vcc 5V±5% 

Vpp 25V±1V 

Input Rise and Fall Times (10% to 90%) 20 ns 

PROGRAMMING WAVEFORMS 

Vpp = 25V±1V, Vcc = 5V±5% 



Input Pulse Levels 0.8V to 2.2V 

Input Timing Reference Level 1 V and 2V 

Output Timing Reference Level 0.8V and 2V 



ADDRESSES 



DATA IN 
STABLE 
ADD N 



_*DH_^ 



tOE 
0.12 MAX)- 



y DATA OUT t / 

/ VALID > / 



ADDRESS N+m 



NOTE ALL TIMES SHOWN IN PARENTHESES ARE MINIMUM TIMES AND ARE ;jSEC UNLESS OTHERWISE NOTED 

E. 2732 Programming 

Initially, and after each erasure, all bits of the 2732 are in the "1" state. Data is introduced by selectively programming "O's" 
into the desired bit locations. Although only "O's" will be programmed, both "1's" and "O's" can be presented in the data 
word. The only way to change a "0" to a "^" is by ultraviolet light erasure. 

The 2732 is in the programming mode when the OE/Vpp input is at 25V. It is required that a 0.1 juF capacitor be placed 
across OE/Vpp and ground to suppress spurious voltage transients which may damage the device. The data to be programmed 
is applied 8 bits in parallel to the data output pins. The levels required for the address and data inputs are TTL. 

When the address and data are stable, a 50 msec, active low, TTL program pulse is applied to the CE input. A program pulse 
must be applied at each address location to be programmed. You can program any location at any time— either individually, 
sequentially, or at random. The program pulse has a maximum width of 55 msec. The 2732 must not be programmed with a 
DC signal applied to the CE input. 

Programming of multiple 2732s in parallel with the same data can be easily accomplished due to the simplicity of the pro- 
gramming requirements. Like inputs of the paralleled 2732s may be connected together when they are programmed with the 
same data. A low level TTL pulse applied to the CE input programs the paralleled 2732s. 

Program Inhibit 

Programming of multiple 2732s in parallel with different data is also easily accomplished. Except for CE, all like inputs 
(including OE) of the parallel 2732s may be£ommon. A TTL level program pulse applied to a 2732's UE input with UE/Vpp 
at 25V will program that 2732. A high level CE input inhibits the other 2732s from being programmed. 

Program Verify 

A verify should be performed on the programmed bits to determine that they were correctly programmed. The verify is 
accomplished with OE/Vpp and CE at V||_. Data should be verified tpv ^f'ter the falling edge of CE. 
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A.C. CONDITIONS OF TEST 

Input Rise and Fall Times (10% to 90%) 20 ns 

Input Pulse Levels 0.8V to 2.2V 

Input Timing Reference Level 1 V and 2V 

Output Timing Reference Level 0.8V and 2V 



PROGRAMMINQI^J 

D.C. PROGRAMMING CHARACTERISTICS: Ta = 25 ±5X, Vcc=5V ±5%, Vpp=25V ±1V 





Parameter 


Limits 


Unit 




Symbol 


Min. 


Typ. 


Max. 


Test Conditions 


Ili 


Input Current (All Inputs) 






10 


mA 


V,N=V,LorV,H 


Vol 


Output Low Voltage During Verify 






0.45 


V 


loL=2.1 mA 


VoH 


Output High Voltage During Verify 


2.4 






V 


loH= -400mA 


Ice 


Vqc Supply Current 




85 


150 


mA 




V,L 


Input Low Level (All Inputs) 


-0.1 




0.8 


V 




V,H 


Input High Level (All Inputs Except OE/Vpp) 


2.0 




Vcc+1 


V 




Ipp 


Vpp Supply Current 






30 


mA 


CE = V,L,OE = Vpp 


A.C. PROGRAMMING CHARACTERISTICS: Ta = 25 ±5''C,Vcc=5V ±5%,Vpp=25V ±1V 




Parameter 


Limits 


Unit 




Symbol 


Min. 


Typ. 


Max. 


Test Conditions 


tAS 


Address Setup Time 


2 






MS 




toES 


OE Setup Time 


2 






MS 




tos 


Data Setup Time 


2 






MS 




tAH 


Address Hold Time 









MS 




toEH 


OE Hold Time 


2 






MS 




^DH 


Data Hold Time 


2 






MS 




toF 


Chip Enable to Output Float Delay 







120 


ns 




*DV 


Data Valid fromUE 






1 


MS 


CE = V,l,UE = V,l 


|pw 


CE Pulse Width During Programming 


45 


50 


55 


ms 




tpRT 


OE Pulse Rise Time During Programming 


50 






ns 




Wr 


Vpp Recovery Time 


2 






MS 





Note: 1. When programming the 2732, a 0.1 ^F capacitor is required across OE/Vpp and ground to suppress spurious voltage transients which may 
damage the device. 
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PROGRAMMING WAVEFORMS 



ADDRESSES 





1. ALL TIMES SHOWN IN ( ) ARE MINIMUM AND IN pSEC UNLESS OTHERWISE SPECIFIED. 

2. THE INPUT TIMING REFERENCE LEVEL IS IV FOR A V|l AND 2V FOR A V,h. 



Ml. BIPOLAR PROM PROGRAMMING 

All Intel bipolar PROMs are programmed with the algorithm described below. This algorithm was developed specifically to 
program Intel PROMs and must be used to insure properly and reliably programmed fuses. 

initially, all bits are in a logic 1 (high) state. To program a bit to a logic (low) state, it is necessary to force 5 mA into the 
output to be programmed. A series of program pulses must also be applied to the Vqc power supply and to any one of the 
logically low true chip select (CS) inputs. The logic level of the other chip selects, in the case of PROMs with multiple chip 
selects, should be such that the PROM is selected during verification. 

Program pulses are applied to all outputs of a word in a cycle time. The program pulses are multiplexed during a cycle time to 
each output of the word to be programmed. If desired, a N word by 8-bit PROM may have its words programmed in two 
separate groups — the four lower order bits (Oi to O4) and the four higher order bits (O5 to Os). The operation in this man- 
ner is the same as for a N word by 4-bit PROM. For fastest programming time, it is preferred that all eight outputs be pro- 
grammed at the same time. 

The programming specifications are given in Table V and the programming waveforms are shown in Figure 1. The program- 
ming procedure (described with nominal specifications) is as follows: 
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1. A 5 mA current must be forced into the output to be programmed by a current source. The current source must be 
clamped to Vqc by a silicon diode. All the other outputs must be floating until it is their turn for programming. The 
Vcc power supply and the chip select (CS) input is pulsed as shown in Figures 1 and 2. The width of Vqc 's linearly 
increased from 0.2 jjls to 8 jUS according to the ramp time shown in Figure 3. The total ramp time for a group of four 
outputs is 180 ms and 360 ms for a group of eight outputs. 

The Vcc program pulses are multiplexed during a cycle time to the outputs of the word to be programmed. The cycle 
time (tcYc) between the Vcc program pulses to the same output will increase as the Vcc program pulse width increases 
from 0.2 ijls to 8 jUS. The time (tp) between Vcc pulses of two different outputs is constant at 1 .8 jUs. 

2. All outputs must be continuously monitored for programming verification. This verification must occur after Vcc has 
been at 4.5V for 90% of tp and prior to Vcc rising to 12.5V. The program/verification cycles must still be applied 
(with the pulse width still linearly increasing to a maximum of 8 jUs) even though the output has been sensed as being 
programmed. An additional 128 verifications (i.e., 128 program/verify cycles) on each output must be obtained to 
insure a correctly programmed output. This additional 128 verification is a minimum number and must occur a/^fer all 
the bits of the word are sensed as being programmed. Please refer to Figure 1 for the timing waveforms. 

More than 128 program/verify cycles may be required to achieve the 128 verifications on each bit. The cycles should 
still continue even if one bit fails, since the verifications are not required to be in consecutive sequence. After the 128 
verifications have occurred for all bits, a final Vcc and CS pulse at a width of 2.5 ms is simultaneously applied to all 
outputs. Programming should cease if the 128 verifications are not achieved in 800 ms. 

3. A 4 mA ±50% Ics current must also be forced into an appropriate chip select. Ics is forced into CS4 (pin 18) of 
3604A/3624A, CS2 (pin 10) of 3605A/3625A, CS3 (pin 19) of 3608/3628, and CS2 (pin 19) of 3636. The 4 mA cur- 
rent into the chip select input may be easily accomplished by using a 1 .2K resistor connected to a +1 5V power supply. 
The voltage on the chip select input will be approximately 10V with the 1.2K resistor. 

4. The 4 mA current into the chip select input may be easily accomplished by using a 1.2K resistor connected to a +15V 
power supply. The voltage on the chip select input will be approximately 10V with the 1.2K resistor. 



Table V. Programming Characteristics 
Ta = 25°C 



Symbol 


Parameter 


Limits 


Conditions 


Min. 


Nom. 


Max. 


Units 


V,H1 


Vcc Program Pulse Amplitude 


12 


12.5 


13 


V 




V|H2 


CS Program Pulse Amplitude 


3 


5 


5.5 


V 




ViLl 


Vcc During Verify 


4.25flJ 


4.5 


4.75 


V 




V|H2 


CS During Verify 





0.2 


0.4 


V 




tpwi 


Vcc Pulse Width at Beginning 
of Pulse Train 


160 


200 


240 


ns 


Measured at 12V 


tpw2 


Vcc Pulse Width at End of Pulse 
Train 


7.2 


8 


8.8 


IJLS 


Measured at 12V 


Tcss 


Chip Select Setup Time 









ns 


Measured from 1.5V on rising edge 
of CS to 5.0V on rising edge of Vcc 


TCSH 


Chip Select Hold Time 


100 






ns 


Measured from 5.0V on falling edge 
of Vcc to 1.5V on falling edge of CS 


Tr 


Vcc Rise Time 


300 


400 


500 


ns 


Measured from 5V to 12V on Vcc 


Tf 


Vcc f^a" Time 


50 


100 


200 


ns 


Measured from 12V to 5V on Vcc 


TcYC 


Time Between Pulses to Same 
Output 


9 


10 




/iS 


Measured at 5V on Vcc 


Top 


DC Program Time After Verifica- 
tion Has Been Obtained 


2.2 


2.5 


2.8 


ms 


Measured at 12V 


Td 


Time Between Vcc Pulses to 
Successive Outputs 


1.5 


1.8 




MS 


Measured at 5V on Vcc 


Tramp 


Time During Which Vcc 

Pulse Width is Increased 4 outputs 


160 


180 


200 


ms 




Linearly from tpwi to 

tpv\/2 8 outputs 


320 


360 


400 


Ics 


Chip Select Input Current (See 
Programming Instruction 3 for 
Details) 


2 


4 


6 


mA 


Ics should be generated using a 
1.2K resistor from a 15V power 
supply 



NOTE: 1. The minimum V| LI for the 3604AL (low power) is 4.5V. 4.76 



(SEE FIG. 2 FOR DETAILS) 



t ^\' * <D-»| 



'IJULnJULJULiLJl 



*10V 

OUTPUT 1 *5V 

0.45V (MAX) 

= 10V 
OUTPUT 2 *5V - 
0.45V (MAX) 

^lOV 
OUTPUT N *5V - 
0.45V (MAX) 



-TL 



^ 



-PROGRAMMED (NOTE 1) 



R 



n 



n 



'=— -PR( 



n 



^ 



PROGRAMMED (NOTE 1) 



PROGRAMMED (NOTE 1) 



JU 



Figure 1. Programming Cycles. 



NOTES: 1. PROGRAM VERIFICATION MUST OCCUR AFTEjR^Vcc HAS BEEN AT 4.5V FOR 90% OF tQ AND PRIOR TO Vcc RISING TO 12.5V. 
THE PROGRAMMED OUTPUT IS =<0.45V WHEN CS <0.8V AND FLOATING WHEN CS > 3V. 

2. AFTER THE LAST BIT HAS BEEN PROGRAMMED, 128 ADDITIONAL VERIFICATIONS ARE REQUIRED FOR EACH OUTPUT TO 
BE CORRECTLY PROGRAMMED. 

3. AFTER THE 128 PROGRAM VERIFICATIONS, A FINAL 2.5 ms Vcc AND CS PULSE SHOULD BE APPLIED WHILE SIMULTANEOUSLY 
ENABLING THE CURRENT SOURCES TO ALL OUTPUTS WHICH ARE TO BE PROGRAMMED. 



IP — *\ 



L 
L 



L 
L 




LFv_y~v^.y~^^^^ V 



r\ 



A. 



C — UN 



UNPROGRAMMED BIT 




/A 



Figure 2. Programming Cycle Details . 
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(a) RAMP TIME IN PROGRAMMING 8 OUTPUTS 



300 400 500 600 700 

PROGRAMMING ELAPSED TIME (ms) 



(b) RAMP TIME IN PROGRAMMING 4 OUTPUTS 




300 400 500 600 

PROGRAMMING ELAPSED TIME (ms) 



Figure 3. Vcc P"'se Width vs. Programming Time. 
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Memory Support 5 




MEMORY SUPPORT CIRCUITS 



Type 


Description 


No. 

of 

Pins 


Electrical Characteristics 
Over Temperature 


Supplies, V 


Page 
No. 


Input 

to 

Output 

Delay Max. 


Power 
Dissipation^] 
Maximum 


3205 


1 of 8 Binary Decoder 


16 


18 ns 


350 mW 


+ 5 


5-3 


3207A 


Quad Bipolar to MOS Level 
Shifter and Driver 


16 


25 ns 


900 mW 


+ 5,+ 16,+ 19 


5-7 


3207A-1 


Quad Bipolar to MOS Level 
Shifter and Driver 


16 


25 ns 


1040 mW 


+ 5,+ 19, + 22 


5-11 


3222 


4K Dynamic RAM Refresh Controller 


22 


— 


600 mW 


+ 5 


5-13 


3232 


4K Dynamic RAM Address 
Multiplexer and Refresh Counter 


24 


20 ns 


750 mW 


+ 5 


5-19 


3242 


16K Dynamic RAM Address 
Multiplexer and Refresh Counter 


28 


20 ns 


825 mW 


+ 5 


5-23 


3245 


Quad TTL to MOS Driver for 
4K RAMs 


16 


32 ns 


388 mW 


+ 12, + 5 


5-27 


3404 


High Speed 6-Blt Latch 


16 


12 ns 

,. ..,. 


375 mW 


+ 5 


5-3 



Note 1. Power Dissipation calculated with maximum power supply current and nominal supply voltages. 
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iny 



3205 3404 

3205 HIGH SPEED 1 OUT OF 8 BINARY DECODER 

3404 HIGH SPEED 6-BIT LATCH 



18ns Max. Delay Over 0°C to 75° C 
Temperature: 3205 
12ns Max. Data to Output Delay 
Over 0°C to75°C 
Temperature: 3404 

Directly Compatible With DTL and 
TTL Logic Circuits 
Totem-Pole Output 



Low Input Load Current: .25mA Max., 
1/6 Standard TTL input Load 

Minimum Line Reflection: Low 
Voltage Diode Input Clamp 

Outputs Sink 10mA Min. 

16-Pin Dual In-Line Package 

Simple Expansion: Enable Inputs 



3205 

The 3205 decoder can be used for expansion of systems which utilize memory components with active low 
chip select input. When the 3205 is enabled, one of its eight outputs goes "low", thus a single row of a memory 
system is selected. The 3 chip enable inputs on the 3205 allow easy memory expansion. For very large memory 
systems, 3205 decoders can be cascaded such that each decoder can drive 8 other decoders for arbitrary memo- 
ry expansions. 

3404 

The Intel 3404 contains six high speed latches organized as independent 4-bit and 2-bit latches. They are 
designed for use as memory data registers, address registers, or other storage elements. The latches act as high 
speed inverters when the "Write" input is "low". 

The Intel 3404 is packaged in a standard 16-pin dual-in-line package; and its performance is specif ied over the 
temperature range of 0°C to +75° C, ambient. The use of Schottky barrier diode clamped transistors to obtain 
fast switching speeds results in higher performance than equivalent devices made with a gold diffusion process. 



PIN CONFIGURATION 



3205 



3404 



1/8 BINARY 
DECODER 




5-3 



3205, 3404 



ABSOLUTE MAXIMUM RATINGS' 



Temperature Under Bias: Ceramic -65°C to +125°C 



Plastic 
Storage Temperature 
All Output or Supply Voltages 
All Input Voltages 
Output Currents 

D.C. CHARACTERISTICS 

3205, 3404 



-65°C to +75°C 

-65°C to+160°C 

-0.5 to +7 Volts 

-1.0 to +5.5 Volts 

125mA 



^COMMENT 

Stresses above those listed under "Absolute Maximum Rat- 
ing" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or at 
any other condition above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 



T. = 0°C to +75°C, Vp, 



= 5.0V ±5% 



SYMBOL 


PARAMETER 


LIMIT 


UNIT 


TEST CONDITIONS 


MIN. 


MAX. 


'f 


INPUT LOAD CURRENT 




-0.25 


mA 


V^^ = 5.25V, Vp = 0.45V 


'r 


INPUT LEAKAGE CURRENT 




10 


pA 


V^^ = 5.25V, Vp = 5.25V 


Vc 


INPUT FORWARD CLAMP VOLTAGE 




-1.0 


V 


V^^ = 4.75V, \^ = -5.0 mA 


Vol 


OUTPUT "LOW" VOLTAGE 




0.45 


V 


V^^ = 4.75V, \q^= 10.0mA 


VoH 


OUTPUT HIGH VOLTAGE 


2.4 




V 


Vcc=4.75V,Iq^= -1.5 mA 


V,L 


INPUT "LOW" VOLTAGE 




0.85 


V 


Vcc = 5.0V 


V,H 


INPUT "HIGH" VOLTAGE 


2.0 




V 


Vcc = 5.0V 


'sc 


OUTPUT HIGH SHORT 
CIRCUIT CURRENT 


-40 


-120 


mA 


Vcc = 5.0V, Vq^t- = OV 


Vox 


OUTPUT "LOW" VOLTAGE 
@ HIGH CURRENT 




0.8 


V 


V^^ = 5.0V, Iqx = 40 mA 



3205 ONLY 



'cc 


POWER SUPPLY CURRENT 




70 


mA 


Vcc = 5.25V, Outputs Open 



3404 ONLY 



«cc 


POWER SUPPLY CURRENT 




75 


mA 


Vcc = 5.25V, Outputs Open 


'fwi 


WRITE ENABLE LOAD CURRENT 
PIN 7 




-1.00 


mA 


Vc^=5.25V,V^=0.45V 


'fW2 


WRITE ENABLE LOAD CURRENT 
PIN 15 




-0.50 


mA 


Vcc=5-25V,V^=0.45V 


'rw 


WRITE ENABLE LEAKAGE CURRENT 




10 


mA 


Vp=5.25V 



TYPICAL CHARACTERISTICS 



OUTPUT CURRENT VS. 
OUTPUT "LOW" VOLTAGE 









~~^ 


— 1 1 — 

Ta = 75°C ^ 




~^ 


R 










Ta = 25" C-. 


-V 


^ 


r" 


Vc 


c-5 


.OV 










^ 


Ta = 


o°c 














/ 


















/ 


















J 


f 


















/ 












Ta 


= 75° 


c~~^ 


7^ 


r 
















/ 


^ 


1 

_ T^ = OX 










z 


^ 


— - 


~Ta = 25 C 









OUTPUT CURRENT VS. 
OUTPUT "HIGH" VOLTAGE 



u 


1 


1 

5.0V 






ff 




-10 














r 


.^=. 


5"C 






T 


A = C 


°c- 


-H 


f 


Ta = 75°C 


-20 












g 


















i 


f 










-30 










1 




















1 












-40 








J 




















/ 














-50 






I 

















DATA TRANSFER FUNCTION 













^ 


1 
- 5 n\/ 

























































I^ 


^ 




Ta = o°c I 


~" 




~ 


"" 


^ 




^ 


^ 












Ta= 25 




\ 


A 










\ 








T;, = 75°C- 


-J 


' 




















1 




















\ 




















V 




<^ 



OUTPUT "LOW" VOLTAGE (V) 



OUTPUT "HIGH" VOLTAGE (V) 



.6 .8 1.0 1.2 1.4 1.6 1.8 2.0 
INPUT VOLTAGE (V) 
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3205, 3404 



3205 HIGH SPEED 1 OUT OF 8 BINARY DECODER 

SWITCHING CHARACTERISTICS 



CONDITIONS OF TEST: 

Input pulse amplitudes: 2.5V 

Input rise and fall times: 5 nsec 
between IV and 2V 

Measurements are made at 1.5V 



TEST LOAD: 






^^ni^s^jj 



All Transistors 2N2369 or Equivalent. C|_ = 30 pF 



TEST WAVEFORMS 



ADDRESS OR ENABLE 
INPUT PULSE 



/ 



\ 



I 



A.C. CHARACTERISTICS T^ = 0°C to +75°C, Vcc = 5.0V ±5% unless otherwise specified. 



SYMBOL 


PARAMETER 


MAX. LIMIT 


UNIT 


TEST CONDITIONS 


t+ + 


ADDRESS OR ENABLE TO 
OUTPUT DELAY 


18 


ns 




t_+ 


18 


ns 




t+- 


18 


ns 




t 


18 


ns 




C,n"' 


INPUT CAPACITANCE P3205 


4(typ.) 


pF 


f = 1 MHz, Vcc = OV 

Vbias = 2.0V. Ta = 250c 


C3205 


5(typ.) 


pF 



1. This parameter is periodically sampled and is not 100% tested. 



TYPICAL CHARACTERISTICS 

ADDRESS OR ENABLE TO OUTPUT 
DELAY VS. LOAD CAPACITANCE 



Vcc = 

Ta=2 


5.0V 
5"C 


^\^-^ 


^^ " 


-^ 




1^ + 





















50 100 150 

LOAD CAPACITANCE (pF) 



ADDRESS OR ENABLE TO OUTPUT 
DELAY VS. AMBIENT TEMPERATURE 





Vcc = 

Cl = 


5.0V 
30 pF 




t._.t__ 






t_^. 












t.. 

















AMBIENT TEMPERATURE {°C) 
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3205, 3404 



3404 6-BIT LATCH 
SWITCHING CHARACTERISTICS 

CONDITIONS OF TEST: 

Input pulse amplitudes: 2.5V 

Input rise and fall times: 5 nsec 
between IV and 2V 

Measurements are made at 1.5V 



TEST LOAD: 



"I 



PU^J^m 



All Transistors 2N2369 or Equivalent. C|_= 30pF 



MEASUREMENT FOR DATA DELAY 



TEST WAVEFORMS 



DATA 
INPUT 



WRITE 
ENABLE 



/ 




X 



NOTE 1 



NOTE 1 : Output Data is valid after t^_, t__^ 



MEASUREMENT FOR WRITE ENABLE DELAY 



DATA 
INPUT 



WRITE 
ENABLE 



X 



~\ 



7 



NOTE 2- Output Data IS valid after t 



A.C. CHARACTERISTICS ^a = 0°C to +75°C, Vcc= 5.0V ±5%; unless Otherwise specified. 


SYMBOL 


PARAMETER 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN. 


TYP. 


MAX. 


t+_,t_+ 


DATA TO OUTPUT DELAY 






12 


ns 




t t_+ 


WRITE ENABLE TO OUTPUT DELAY 






17 


ns 




^SET UP 


TIME DATA MUST BE PRESENT BEFORE 
RISING EDGE OF WRITE ENABLE 


12 






ns 




^HOLD 


TIME DATA MUST REMAIN AFTER 
RISING EDGE OF WRITE ENABLE 


8 






ns 




twp 


WRITE ENABLE PULSE WIDTH 


15 






ns 




C|ND<3) 


DATA INPUT CAPACITANCE P3404 




4 




pF 


f = 1 MHz, Vcc = OV 
VbIAS = 2.0V.Ta=25OC 


C3404 




5 




pF 


C|NW<3) 


WRITE ENABLE CAPACITANCE P3404 




7 




pF 


f - 1 MHz, Vcc = OV 
VbIAS=2.0V,Ta = 25^C 


C3404 




8 




pF 



NOTE 3: This parameter is periodically sampled and is not 100% tested 



TYPICAL CHARACTERISTICS 

DATA INPUT, WRITE ENABLE 

TO OUTPUT DELAY VS. 

LOAD CAPACITANCE 



DATA INPUT, WRITE ENABLE 

TO OUTPUT DELAY VS. 

AMBIENT TEMPERATURE 



WRITE ENABLE PULSE WIDTH 
VS. LOAD CAPACITANCE 








1 

Vcc = 50V 

Cl = 30 pF 

1 


WR 


ITE ENABLE t_ 




i|,o 
1° 






DATAC 


)R WRITE ENAB 


LEt_ + 


<i- 




DATA tf _ 


55 5 


1 













= 5.0V 
25' C 






^ 


-^ 


' 


"^ 















100 200 300 

LOAD CAPACITANCE (pF) 



AMBIENT TEMPERATURE (°C) 



100 200 300 

LOAD CAPACITANCE (pF) 
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3207A 

QUAD BIPOLAR-TO-MOS 

LEVEL SHIFTER AND DRIVER 



High Speed, 45 nsec Max. — Delay 
+ Transition Time Over Temperature 
with 200 pF Load 
TTL and DTL Compatible Inputs 
1103 and 1103A Memory Compatible 
at Output 

Simplifies Design — Replaces 
Discrete Components 



■ Easy to Use — Operates from Standard 
Bipolar and MOS Supplies 

■ Minimum Line Reflection — Input and 
Output Clamp Diodes 

■ High Input Breakdown Voltage — 
19 Volts 

■ CerDIP Package — 16 Pin DIP 




The 3207A is a Quad Bipolar- to-M OS level shifter and driver which accepts TTL and DTL input signals, and 
provides high output current and voltage suitable for driving MOS circuits. It is particularly suitable for driving 
the 1 103 and 1 103A mennory chips. The circuit operates from a 5 volt TTL power supply, and Vss and Vbb 
power supplies from the 1 103 and 1 103A. 

The device features two common enable inputs per pair of devices which permits some logic to be done at their 
inputs, such as cenable and precharge decoding for the 1 103 and 1 103A. 

For the TTL Inputs a logic "^" is V|h and a logic "0" is V|l . The 3207 A outputs correspond to a logic "1" as 
Vol and a logic "0" as Vqh for driving MOS inputs. 

The 3207A is packaged in a hermetically sealed 16 pin ceramic dual-in-line package. The device performance 
is specified over the same temperature range as the 1 103 and 1 103A, i.e. from 0°C to +70^C. 



PIN CONFIGURATION 



VssC 




16 


3Vcc 




OUTPUT OiC 




15 


3O4 


OUTPUT 


DATA INPUT DiC 




14 


3D4 


DATA INPUT 


ENABLE INPUT E^ C 




13 


^^4 


ENABLE INPUT 


ENABLE INPUT E2 C 




12 


^h 


ENABLE INPUT 


DATA INPUT DjC 




11 


:d3 


DATA INPUT 


OUTPUT O2C 




10 


^03 


OUTPUT 


GNDC 


8 


9 


3 Vbb 





LOGIC SYMBOL 




=?^D— 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias 0°C to +70°C 

Storage Temperature — 65°C to +160°C 

All Input Voltages and Vgg -1.0 to +21V 

Supply Voltage V^c -1.0 to +7V 

All Outputs and Supply Voltage 

Vgg with respect to GND -1.0 to +25V 

Power Dissipation at 25°C 2 Watts ^ ^ ' 



3207A 



^COMMENT 
Stresses above those listed under"Absolute Maximum Ratings"may 
cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or at any other con- 
dition above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 



( 1 ) Refer to the graph of Junction Temperature versus Total Power Dissipation on page 5-10 for other temperatures. 

D.C. CHARACTERISTICS T^- 0°C to 70°C, V^^.- 5V ± 5%, Vgg = 16V ± 5%, Vgg- Vss= 3.0V Xo 4.0V 



SYMBOL 


TEST 


LIMIT 
MIN. MAX. 


UNIT 


CONDITIONS 


'fd 


DATA INPUT LOAD CURRENT 


-0.25 


mA 


y^ = .45V, V^^^= 5.25V, All Other Inputs 
at 5.25V, V3g= 16V, Vgg= 19V 


•fe 


ENABLE INPUT LOAD CURRENT 


-0.50 


mA 


V^ = .45V, V = 5.25V, All Other Inputs 
at5.25V, Vgg=16V, Vgg=19V 


'rd 


DATA INPUT LEAKAGE 
, CURREIVT 


20 


mA 


Vq = 19V, V^^= 5.0V, All Other Inputs 
Grounded, V^^ = 16V, V^^^ 19V 


•re 


ENABLE INPUT LEAKAGE 
CURRENT 


20 


^lA 


Vg = 19V, V^^= 5.0V, All Other Inputs 
Grounded, Vgg= 16V, Vgg= 19V 


Vol 


OUTPUT "LOW" VOLTAGE 


.8 
.7 
.6 


V(0°C) 

V(25°C) 

V(70°C) 


|q^-500MA,V^^- 4.75V 
^SS=^6V,V33=19V 
All Inputs at 2.0V 


Vqh (min.) 


OUTPUT "HIGH" VOLTAGE 




V(0°C) 

V(25°C) 

V(70°C) 


'oH=-500/iA,V^^=5.0V 
^SS==^6V,V33==19V 
All Inputs at 0.85V 


Vqh (MAX.) 




Vgs + 1 .0 


V 


l0H= 5mA, Vcc = 5.0V 
Vss = 16V,Vbb = 19V 


'OL 


OUTPUT SINK CURRENT 


100 


mA 


Vo=4V,V^^=5.0V,Vg3=16V, 
V33= 19V, V^=V^^ 2.0V 


'oh 


OUTPUT SOURCE CURRENT 


-100 


mA 


Xd " ^SS ~'*^' ^cc^ ^•°^' ^ss ^ ''^^ 
Vgg=19V, Vg =V^ = 0.85V 


^.L 


INPUT "LOW" VOLTAGE 


1.0 


V 


V=50V'Vss=^6V,V33=i9V 


V,H 


INPUT "HIGH" VOLTAGE 


2.0 


V 


V^^= 5.0V, y^^= 16V, Vgg= 19V 


Sn 


INPUT CAPACITANCE 


8(Typical) 


pF 


^B,AS=2.0V,V^^=0V 



POWER SUPPLY CURRENT DRAIN: 
All Outputs "Low" 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Conditions I 


'cc 


Current from \/rr 


83 


mA 


Vqq = 5.25V, V53 = 16.8V, Vgg = 
All Inputs Open 


= 20.8V 


'ss 


Current from Vgg 


250 


MA 


'bb 


Current from Vgg 


21 


mA 


^TOTAL 


Total Power Dissipation 


900 


mW 



All Outputs "High" 



'cc 


Current from Vqq 


33 


mA 


Wqq = 5.25V, V55 = 16.8V, Vgg - 20.8V 

All Inputs Grounded 


'ss 


Current from Vgc 


250 


/JA 


'bb 


Current from Vgg 


3 


mA 


^TOTAL 


Total Power Dissipation 


250 


mW 



Standby Condition with \/qq = OV, Vgg = Vgg 



'cc 


Current from Vqq 





mA 


^CC " °V' ^SS =''6-8V, Vgg = 16.8V 


'ss 


Current from Vgg 


250 


jUA 


'bb 


Current from Vgg 


250 


/iA 


^TOTAL 


Total Power Dissipation 


10 


mW 
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3207A 



SWITCHING CHARACTERISTICS 



A.C. CHARACTERISTICS 

T^ = 0°C to 70°C, Vcc = 5V ±5%, Vgg = 16V ±5%, Vge = Vgg +3 to 4V, f = 2 MHz, 50% Duty Cycle 



SYMBOL 


TEST 


LIMITS (ns) 










DELAY DIFFERENTIAL*^' 






Cl 


= 100 pF 


Cl 


= 200 pF 


Cl = 200pF 






MIN. 


MAX. 


MIN. 


MAX. 


MAX. 


*+— 


INPUT TO OUTPUT DELAY 


5 


15 


5 


15 


5 


*•— + 


INPUT TO OUTPUT DELAY 


5 


25 


5 


25 


10 


^r 


OUTPUT RISE TIME 


5 


20 


5 


30 


10 


^f 


OUTPUT FALL TIME 


5 


20 


10 


30 


10 


^D 


DELAY + RISE OR FALL TIME 


10 


35 


20 


45 


10 



(1) This is defined as the maximum skew between any output in the same package, eg., all the input to output delays for the 
t_4. parameter are within a maximum of 10 nsec of each other in the same package. 



WAVEFORMS 





TYPICAL CHARACTERISTICS 



SWITCHING TIME VS. 
AMBIENT TEMPERATURE 



SWITCHING TIME VS. 
LOAD CAPACITANCE 



Vcc = 
Vss = 


5.0V 
16V 






Vbb- 
Cl = 


200 pF 












__,„,...- ^-+ 


=- 




"^ 


' -^f 








"~ — X^_ 



Vcc = 
Vss = 


5.0V 
16V 






Vbb = 
Ta = 


25°C 




^ 








-'— " r^_ 











20 40 60 

AMBIENT TEMPERATURE (°C) 



100 200 300 

LOAD CAPACITANCE (pF) 
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3207A 



POWER AND SWITCHING CHARACTERISTICS 



POWER CONSUMED IN CHARGING AND 

DISCHARGING LOAD CAPACITANCE 

OVER OV TO 16V INTERVAL 



NO LOAD D.C. POWER DISSIPATION VS. 
OPERATING DUTY CYCLE 



P 
? < 



11 



.02 - 



.01 
.008 P 





/// 




y 


/I 1 1 1 1 1 1 1 


1 1 1 1 1 1 1 1 




FREQUENCY OF SWITCHING (MHz) 
POWER =CV2f 



50 75 

SWITCHING DUTY CYCLE (%) 



JUNCTION TEMPERATURE VS. TOTAL 
POWER DISSIPATION OF THE CIRCUIT 



WORST CASELOAD CAPACITANCE 

ON EACH OUTPUT VS. 

FREQUENCY OF SWITCHING 






- 
PERATINGINTH 
RECOMM 


S REGION IS NO 
ENDED 


r 




^ y^ 


^C-" 


y" ^ 




-^ ^ 

^'' . 

^'^ 

^^^^ 

-^ A 




y 











o 
z 

< 

< 2 

o o 
-' I 

HI O 
w < 
<a, 

feo 
oc 
o 
5 



300 



200 



100 




Vcc = 5V, Vss =16V, Vbb = 19V 
ITa = 70°C 
;MAX. JUNCTION TEMPERATURE = 150°C 



TOTAL POWER DISSIPATION OF THE CIRCUIT (W) 
TOTAL POWER = D.C. POWER + POWER CONSUMED IN 
CHARGING AND DISCHARGING LOAD CAPACITANCE. 



1 2 3 

FREQUENCY OF SWITCHING (MHz) 
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3207A-1 

QUAD BIPOLAR-TO-MOS 

LEVEL SHIFTER AND DRIVER 



Power Supply Voltage Compatible 
with the High Voltage 1103-1 



1103-1 Memory Compatible 
at Output 



The Intel 3207 A- 1 is the high voltage version of the standard 3207 A, and is compatible with the 1 103-1. The 
3207 A- 1 has all the same features as the standard 3207 A. The absolute maximum ratings and pin configuration 
are repeated below for convenience, while the DC and AC characteristics appear below and on the next page. 



PIN CONFIGURATION 



LOGIC SYMBOL 



VssC 1 

OUTPUT 0,C 2 

DATA INPUT D,C 3 

ENABLE INPUT E,C 4 

ENABLE INPUT E^ C 5 

DATA INPUT 0;,C 6 

OUTPUT 0;,C 7 

GNOC 8 



3 0^ OUTPUT 

ID^ DATA INPUT 

DE^ enable INPUT 

IlE^ ENABLE INPUT 

DO-i DATA INPUT 

3 0^ OUTPUT 

3Vrr 




N>-" 



ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias 0°C to +55°C 

Storage Temperature -65°C to +160°C 

All Input Voltages -1.0 to +21 Volts 

Supply Voltage Vqc -1.0 to +7.0 Volts 

All Outputs and Supply Voltages VgB and Vss 

with respect to GND -1 .0 to +25 Volts 

Power Dissipation at 25°C 2 Watts 

COMMENT: 

Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or at any 
other condition above those indicated in the operational sections 
of this specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS Ta = 0°C to 55°C,Vcc= 5V ± 5%,Vss =19V ± 5%, Vbb-Vss = 3.0Vto4.0V 


SYMBOL 


TEST 


LIMIT 
MIN. MAX. 


UNIT 


CONDITIONS 


'fd 


DATA INPUT LOAD CURRENT 


-0.25 


mA 


y^ = .45V, V^^= 5.25V, All Other Inputs 
at 5.25V, Vgg= 19V,Vgg= 23V 


'fe 


ENABLE INPUT LOAD CURRENT 


-0.50 


mA 


V^ = .45V, V^^= 5.25V, Ail Other Inputs 
at 5.25V, Vgg= 19V, V^^^ 23V 


'rd 


DATA INPUT LEAKAGE 
CURRENT 


20 


11 A 


V,3 = 19V, y^^= 5.0V, All Other Inputs 
Grounded, V^^= 19V, V„„= 23V 


're 


ENABLE INPUT LEAKAGE 
CURRENT 


20 


iiA 


V^ = 19V, V^^^= 5.0V, All Other Inputs 
Grounded,V2g= 19V, Vgg= 23V 


Vol 


OUTPUT "LOW" VOLTAGE 


0.8 
0.7 
0.6 


V(0°C) 

V(25°C) 

V(55°C) 


|q^=500/JA,V^^= 4.75V 
Vss=19V,Vg3=23V 

All Inputs at 2.0V 


Vqh (min.) 


OUTPUT "HIGH" VOLTAGE 




V(0°C) 

V(25°C) 

V(55°C) 


'0H= -500mA, V^^=5.0V 

Vss^^9V'Vbb=23V 

All Inputs at 0.85V 


Vqh (MAX.) 




Vgs + 1 .0 


V 


l0H = 5mA, Vcc = 5.0V 
Vss=''9V,Vbb = 23V 


'OL 


OUTPUT SINK CURRENT 


100 


mA 


VQ = 4V,V^^=5.0V,Vgg= 19V, 
^BB^ 23V, V^=V^= 2.0V 


'oh 


OUTPUT SOURCE CURRENT 


-100 


mA 


Vgg= 23V, V^ = V^ = 0.85V 


^IL 


INPUT "LOW" VOLTAGE 


1.0 


V 


V=50^'^SS=^9V,V3^=23V 


V|H 


INPUT "HIGH" VOLTAGE 


2.0 


V 


V^50V«V33=19V,V3^^23V 


Sn 


INPUT CAPACITANCE 


8(Tvpical) 


pF 


^,AS^2.0V,V^^=0V 
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3207A-1 



D.C. CHARACTERISTICS (Cont'd) j^ = o°C to +55°C, Vcc = 5V ± 5%, Vgs = 19V ± 5%, Vbb -Vss = 3.0V to 4.0V 

POWER SUPPLY CURRENT DRAIN: 
All Outputs "Low" 



Symbol 


Parameter 


Min. Max. 


Unit 


Conditions 


'cc 


Current from Vqq 


83 


mA 


V^c = 5.25V, Vss = 2°^' ^BB " ^^"^ 
All Inputs Open 


'ss 


Current from Vgg 


250 


fdA 


'bb 


Current from Vog 


25 


mA 


^TOTAL 


Total Power Dissipation 


1040 


mW 



All Outputs "High" 



'cc 


Current from V^-.^ 


33 


mA 


Vcc = 5.25V, Vss = 20V, 
All Inputs Grounded 


Vbb = 


24V 


'ss 


Current from Vgg 


250 


(UA 


'bb 


Current from Vgg 


5 


mA 


^TOTAL 


Total Power Dissipation 


297 


mW 



Standby Condition with Vqp = OV, Vq«> = Vg 



'cc 


Current from Vqq 





mA 


Vcc = OV, Vgs = 20V, Vgg = 20V 


'ss 


Current from Vgs 


500 


iUA 


'bb 


Current from Vgg 


500 


/UA 


^TOTAL 


Total Power Dissipation 


15 


mW 



A.C. CHARACTERISTICS 

T^ = 0°C to 55°C, Vcc = 5V ±5%, Vgg = 19V ±5%, Vge = Vgg +3 to 4V, f = 2 MHz, 50% Duty Cycle 



SYMBOL 


TEST 








LIMITS (ns 


) 










DELAY DIFFERENTIAL*^^ 






Cl 


= 100 pF 


Cl 


= 200 pF 


Cl = 200pF 






MIN. 


MAX. 


MIN. 


MAX. 


MAX. 


•■+— 


INPUT TO OUTPUT DELAY 


5 


15 


5 


15 


5 


'■— + 


INPUT TO OUTPUT DELAY 


5 


25 


5 


25 


10 


'■r 


OUTPUT RISE TIME 


5 


20 


5 


30 


10 


^f 


OUTPUT FALL TIME 


5 


25 


10 


35 


10 


^D 


DELAY + RISE OR FALL TIME 


10 


35 


20 


45 


10 



(1) This is defined as the maximum skew between any output in the same package, eg., all the input to output delays for the 
t_+ parameter are within a maximum of 10 nsec of each other in the same package. 



WAVEFORMS 

V, 



OUT 
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3222 

REFRESH CONTROLLER FOR 4K DYNAMIC 

RANDOM ACCESS MEMORIES 



Ideal for use in 2107A, 2107C Systems 
Simplifies System Design 
Reduces Package Count 
Standard 22-Pin DIP 



■ Adjustable Refresh Timing Oscillator 

■ 6-Bit Address Multiplexer 

■ 6-Bit Refresh Address Counter 

■ Refresh Cycle Controller 



The Intel® 3222 Is a refresh controller for dynamic RAMs requiring refresh of up to 6 input addresses (or 4K bits for 64 x 64 
organization). The device contains an accurate refresh timer (whose frequency can be set by an external resistor and 
capacitor), plus all necessary control and I/O circuitry to provide for the refresh requirements of dynamic RAMs. The chip's 
high performance makes it especially suitable for use with high speed N-channel RAMs like the Intel® 2107C. The 3222 is well 
suited for asynchronous dynamic memory systems. 

The 3222 operates from a single +5 volt power supply and is specified for operation over a 0°C to 75° C ambient temperature 
range. It Is fabricated by means of Intel's highly reliable Schottky bipolar process. 




PIN CONFIGURATION 





qC 


1 


\^ 


22 


Dvcc 




REFREQL 


2 




21 


2 Rx/Cx 




CYREQ C 


3 




20 


U ACK 




STARTCY C 


4 




19 


D REFON 




A2I: 


5 




18 


IBUSY 




AlC 


6 


3222 




I] A3 




AoC 


7 






:3A4 




^c 


8 






:]A5 




o^C 


9 






30-^ 




oiC 


10 






Hoi 




GROUND C 


11 






DO-3 




PIN NAMES 


Ao-As 


ADDRESS INPUTS 


Oo 05 


ADDRESS OUTPUTS 


ACK 


ACKNOWLEDGE 


Q 


INTERNAL REFRESH 




OUTPUT 




REQUEST LATCH OUTPUT 


BUSY 


BUSY INPUT 


REFON 


REFRESH ON OUTPUT 


CYREQ 


CYCLE REQUEST 
INPUT 


REFREQ REFRESH REQUEST INPUT 


RxCx 


RC TIE POINT 


STARTCY START CYCLE OUTPUT 






Vcc 


+5V SUPPLY 



BLOCK DIAGRAM 



ADDRESS 
INPUTS 
(A0-A5) 
















^ 








> 


2 INPUT 

6 CHANNEL 

ADDRESS 

MULTIPLEXER 




V 






t> 


"■ 




6 BIT 
REFRESH 
COUNTER 


A> 


t 


c„ 


_i_ 






TIMER 
CONTROL 


'T 








- 


















CLOC 


K 






1 














a ^ 1 


CONTROL 


SELECT 












REFREQ 
CYREQ 
BUSY 



































ADDRESS 
OUTPUTS 
(O0-O5) 
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ABSOLUTE MAXIMUM RATINGS'^ 

Temperature Under Bias -65° to +125°C 

Storage Temperature -65° to +160°C 

All Input, Output or Supply Voltages .... -0.5V to +7V 

All Input Voltages -1.0V to +5.5V 

Output Currents 100 mA 

Power Dissipation 1 W 



^COMMENT 

Stresses above those listed under "Absolute Maximum 
Rating" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device 
at these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 



D.C. CHARACTERISTICS All Limits Apply for Vcc = +5.0V ±5%, Ta = 0°C to +75°C. 





Parameter 


Limits 


Unit 




Symbol 


Min. 


Typ.ti] 


Max. 


Test Conditions 


Ifb 


Input Load Current BUSY 




0.40 


1 


mA 


V,N = 0.45V 


Ifo 


Input Load Current All Other Inputs 




0.05 


0.25 


mA 


V|N = 0.45V 


Irb 


Input Leakage Current BUSY 




<1 


50 


ma 


ViN = Vcc 


Iro 


Input Leakage Current All Other Inputs 




<1 


20 


ma 


V|N = 5.25V 


VcLAMP 


Input Clamp Voltage 




-0.76 


-1 


V 


Ic = -5.0mA 


VlL 


Input "Low" Voltage 






0.8 


V 




V,H 


Input "High" Voltage 


2.0 






V 




Ice 


Power Supply Current 




91 


120 


mA 


Vcc = 5.25V 


isc 


Output High Short Circuit Current 




-48 


-70 


mA 


VouT = OV 
Vcc = 5.25V 


Vol 


Output Low Voltage 




0.32 


0.45 


V 


Iql = 5mA 


VOH 


Output High Voltage (O0-O5) 


2.6 


3.1 




V 


loH =-1mA 
Vcc = 4.75V 


VOHI 


Output High Voltage (All Other Outputs) 


2.4 


3.0 




V 


lOH =-1mA 
Vcc = 4.75V 



Note 1 : Typical values are for T/^ = 25*' C and nominal power supply voltages. 



Capacitance^^^ , Ta = 25° C 





Test 


Limits (pF) 




Symbol 


Typ. 


Max. 


Conditions 


C|N (Address) 


Input Capacitance 


5 


10 


Vbias = 2.0V 


C|N (CYREQ) 


Input Capacitance 


6 


10 


Vcc = OV 


C,N (BUSY) 


Input Capacitance 


20 


30 


f = 1MHz 



Note 2: This parameter is periodically sampled and is not 100% tested. 
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A.C- Characteristics ah Limits Apply for Vcc = +5.0V ±5%, Ta = 0°C to +75°C. Load = 1 TTL, Cl = 15pF. 
Conditions of Test: Input pulse amplitude: 3V, Input rise and fall times: 5ns between 1 V and 2V. Measurements are made at 1 .5V. 



Symbol 


Parameter 


Min. 


Typ.^ 


Max. 


Unit 


Conditions 


tAA 


Address In to Address Out 




7 


12 


ns 


BUSY = V|H 


tBAM 


BUSY In to Address Out 




21 


28 


ns 




tBAR 


BUSY In to Counter Out 




18 


27 


ns 




tBK 


BUSY In to ACK Out 




14 


20 


ns 


REFREQ = V|H,CYREQ=V|L 


tSR 


BUSY Into REFONOut 




15 


24 


ns 




tss 


BUSY In to STARTCY Out 


4 


7 


14 


ns 


CYREQ= V,L 


tHOLD 


BUSY Hold Time 


50 






ns 


External Delay between STARTCY and 
BUSY 


tRH 


CYREQor REFREQ Hold Time 









ns 


External Delay after BUSY 


tRR 


REFREQto REFON 




18 


26 


ns 


CYR EQ and BUSY = V|h , No priority 
contention between REFREQ and 
CYREQ 


^RRC 


REFREQ to REFON 




33 


45 


ns 


BUSY = V|H 


tRS 


CYREQor REFREQ Into 
STARTCY Out 


9 


14 


21 


ns 


BUSY = V|H 


tSetup 


BUSY Setup Time 


120 






ns 


BUSY = V|L During Refresh 



Note 1 : Typical values are for T/^ = 25° C and nominal power supply voltages. 

A. SYSTEM MEMORY CYCLE 
WITH MEMORY NOT BUSY 



B. SYSTEM MEMORY CYCLE WITH MEMORY 
BUSY (FOLLOWING REFRESH CYCLE) 



(Numbers in parentheses are minimum values in ns unless otherwise specified.) 





V,H 
V.L 
V,H- 

VjH- 

V.H- 
V.L 

V.. . 


— ^ 


^ 


" (0) ~^ 

^1 






CYREQ 

(IN) 








/ 






RlFREQ 

(IN) 


_ J 


(9) 


r~^ 


.__V- 





STARtC 
(OUT) 




^ 


,'^ 










^ *HOLD \ 
(50) ] 


/ 




BUSY 

(IN) 


^ 




/ 




; 1 


REFON 
(OUT) 






AX) 


-4- 

y 


ACK 
(OUT) 


) 





._\_ 


(IN) 


K 






(12 MAX)^ ' 


(OUT) 


ADDRESS Y AD 


DRESS 
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C. REFRESH MEMORY CYCLE WITH D. REFRESH MEMORY CYCLE WITH MEMORY 

MEMORY NOT BUSY BUSY (FOLLOWING SYSTEM CYCLE) 

(Numbers in parentheses are nDinimum values in ns unless otherwise specified.) 




NOTE 1: t^R (26ns MAX) IF PRIORITY CONTENTION IS ELIMINATED; t„„g 



E. TYPICAL APPLICATION OF 3222 REFRESH 
CONTROLLER IN A 2107C SYSTEM 

Veep ^ 

Rx/Cx 3~ 
ACK 




FROM 
MEMORY > 
TIMING 

' TO MEMORY TIMING (VALID 
WHEN ADDRESSES ARE STABLE) 



ONLY ONE 3222 IS REQUIRED PER SYSTEM. 
ADEQUATE BUFFERING SHOULD BE PROVIDED 
BETWEEN THE 3222 ADDRESSES (Oo-Osl 
OUTPUTS AND THE MEMORY INPUTS. 



F. USE OF 3222 FOR REFRESH TIMING AND 
CONTROL IN A 2104A SYSTEM 



12 BIT CPU ADDRESS 



ROW ENABLE 



X 



->- 



XL 



7474 

CLK Q 

CLR 



2 104 A 
MEMORY 
DEVICES 



^1 
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PIN NAMES AND FUNCTIONS 

Pin Pin 

No. Name Function 



1 



Q 



REFREQ 



CYREQ 



STARTCY 



5-7 A0-A5 

15-17 



8-10 O0-O5 



11 



18 BUSY 



19 REFON 



20 ACK 



Output of the internal Refresh Re- 
quest latch. This pin may be con- 
nected to t he Refresh Request input 
(REFREQ) directly for asynchro- 
nous sequential mode refresh or 
indirectly through control logic for 
burst mode or synchronous mode 
refresh (see text). 

Refresh Request input (active when 
low). The request is honored only if 
the memory i s not p resently execut- 
ing a cycle (BUSY high) and if a 
system cycle request did not occur 
first. 

System Memory Cycle Request in- 
put (active when low). The request 
is honored only if the memory is not 
presently executing a cycle (BUSY 
high) and if a refresh request did not 
occur first. 

Output signal indicating to external 
circuitry that a memory cycle 
(system or refresh) is to begin. See 
text for timing considerations for a 
refresh cycle. 

Low order system address inputs. 
These addresses are multiplexedto 
the address output pins (O0-O5) 
during a system cycle. 

Low order memory address outputs. 
During a system cycle these outputs 
give the low order (A0-A5) address 
of a memory access. During a 
refresh cycle these outputs give the 
refresh address (generated internal 
to the 3222). 



GROUND Ground. 



An externally generated signal 
which the 3222 monitors to d eterm- 
ine memory system status. If BUSY 
is high the memory is not busy and a 
sy stem o r refresh cycle may begin. 
If BUSY is low the memory is being 
accessed for a data I/O or refresh 
cycle and no other cycle may begin. 

The 3222 output which when low in- 
dicates the memory system is either 
ready to begin or is In a refresh cycle 
(Refresh On). 

The 3222 output which when low in- 
dicates the memory system is 
either ready to begin or is in a 
system cycle (system cycle request 
accepted and acknowledged). 



Pin 
No. 



Pin 
Name 



Function 



21 RX/CX Connection point for the RC net- 

work which determines the refresh 
period for sequential refresh mode. 
(See Refresh Control section). 

22 Vcc +5 volt supply. 



FUNCTIONAL DESCRIPTION 

The Intel® 3222 performs the four basic functions of a 
refresh controller by: 

1. Providing a refresh timing oscillator. 

2. Generating six bit refresh addresses. 

3. Multiplexing refresh and system addresses to the six 
low order address inputs (O0-O5). 

4. Providing control signals for both refresh and mem- 
ory cycle accesses. 

As shown in the pin configuration figure, the 3222 has as 
inputs the six low order (A0-A5) system addresses. These 
addresses are internally multiplexed with six internally 
generated refresh addresses. The output of these 
multiplexers provide the six low order addresses to the 
memory array. 

The block diagram shows the four main circuit categories of 
the 3222. An explanation of the workings of each of these 
categories is given in the Device Operation section from a 
users point of view. 



DEVICE OPERATION 

Operation of the Intel® 3222 Refresh Controller is most 
easily explained by considering five conditions presented 
by the three input control li nes Cycle Request (C YREQ) , 
Refresh Request (REFREQ), and System Busy (BUSY). 
These conditions are: 




1. System memory cycle request - 
(BUSY = High) 



memory not busy 



2. System memory cycle request — memory busy 
(BUSY =Low) 

3. Refresh cycle request — memory not busy 
(BUSY = High) 

4. Refresh cycle request — memory busy 
(BUSY =Low) 

5. Simultaneous system memory cycle and refresh cycle 
requests. 

Condition 5 is actually a subset of the four previous 
conditions and is included for completeness. 

As is implied in the five conditions, the response of the 3222 
to both refre sh an d memory c ycles is dependent on the 
state of the BUSY input. The BUSY signal is generated 
externally to the 3222 and, when low, defines the time when 
the memory is performing a cycle ( refres h or memory 
access). It is important to assure that BUSY is low for the 
entire memory cycle time. Interferen ce ma y occur in 
asynchronous memory systems if the BUSY input goes 
high prematurely. (An asynchronous memory system is 
one in which the refresh and memory cycle requests occur 
independent of each other.) 



5-17 



3222 



System Memory Cycle Request — Memory Not Busy 

This section details operation of the 3222 when the memory 
is not busy and a request for a system memory cycle is 
made (See Figure A for timing sequen ces). The request for 
a memory cycle is made by the CYREQ input going low. The 
Start Cycle output STARTCY goes low at tRs after CYREQ. 
STARTCY is used for two purposes: 




1. To set the external BUSY latch. (See Figure E.) 

2. To initiate memory system timing (after appropriate 
delay). 

The required delay time depends on system configuration 
and associated delay paths for both Chip Enable (2107B 
input signal) and system addresses. 

The low going BUSY input causes the internally generated 
Start Cycle output to go high and the Acknowledge output 
ACK to go low (after Xbk time). The Acknowledge output 
confirms that the requested system memory cycle has been 
accepted by the 3222. Note that the cy cle req uest input may 
be returned to the high state when the BUSY input goes low. 
However, at the designer's discreti on, the cycle request line 
may re main low until "just pr ior" to B USY returning high. (If 
BUSY goes high before CYREQ goes high, another 
memory access may inadvertently be started.) 

When the memory is not busy and a cycle request has been 
made, the low order system address delay through the 3222 
is tAA nsec. When the 3222 is not busy, the low order system 
addresses (Ao^As) are gated through to the output (O0-O5) 
independent of any other input. 

System Memory Cycle Request — Memory Busy 

The major differences between a system memory cycle 
request when the system is busy and when it is not busy (as 
previously described) are: 



1 . The Start Cycle output STARTCY does no t go low until 
tes after th e rising edge of the BUSY input. (Even 
though the CYREQ input is low.) 

2. Output add resses O0-O5 change at or before tAA time if 
the previous cycle was a system cycle request and 
change at or before tsAM if the previous cycle was a 
Refresh Cycle request. (Note that the longer delay is 
after a refresh cycle.) See Figure B for definition of 
terms. 

Note that for a system me mory cyc le following a refresh 
cycle, the refr esh on output REFON goes high at or before 
tgR rela tive t o BUSY going high. Since the Acknowledge 
output ACK can not go low until after tnoLO there is no 
ambiguity between REFON and ACK. The memory is 
always defined as being in a refresh cycle, system cycle or ' 
no cycle. 

Refresh Cycle — Memory Not Busy 

Operation of the 3222 for a refresh request with the memory 
not busy (see Figure C) is similar to a system cycle request 
under the same condition. A ref resh cycl e is initiated 
by the Refresh Request input (REFREQ) going low. 
This low g oing input causes both the Star t Cycle output, 
STARTCY, and Refresh On output, REFON, to go low at tps 



and tRRC (o r tRR) time respectively. The low going edge of 
STARTCY is used to set th e exter nal BUSY latch low. As in 
the previous two cases, the BUSY input must remain low for 
the entire cycle required by the memory. As in the pr evious 
two cases, the low going BUSY drives the STARTCY output 
high. 

Refresh Cycle — Memory Busy 

For this condition, it is assumed that the previous cycle was 
a system access cycle. Timing co nditions fo rthis operation 
are shown in Figure D. Here, the STARTCY input goes low 
tes afte r BUSY returns high from the pr evious cycle. As 
before, REFON g oes low tsR after BU SY goes high. After 
tHOLD, relative to STARTCY, BUSY again goes low and 
places the low order refresh addresses on the address 
outputs (O0-O5) after tsAR time. Internal refresh timing is 
performed in a manner identical to that described in 
Refresh Cycle-Memory Not Busy section. 

Simultaneous Refresh and Memory System Cycle Request 

The simultaneous request for a refresh and memory system 
access is almost a certainty in asynchronous systems. It is, 
therefore, necessary to have circuitry in any refresh 
controller capable of resolving the attendent ambiguity with 
minimum additional delay. The Intel® 3222 Refresh 
Controller has just such a circuit. (All timing parameters 
specified for asynchronous operation assume that a refresh 
and memory system request can occur at the same time.) A 
latch inte rnal to the 3222 decides which signal (CYREQ or 
REFREQ) it will accept if both occur simultaneously, and 
conditions the other control circuits appropriately. If a 
refresh cycle was accepted, REFON will go low at the 
appropriate time. If a memory system access was accepted 
then ACK will go low at the appropriate time. 

Refresh Control 

The 3222 controls both burst and distributed refresh modes. 
The burst refresh mode requires that REFREQ be generated 
externally to the 3222 since refresh is completed in 64 
consecutive cycles every 2ms. A system requiring distrib- 
uted refresh timing, however can be controlled either by the 
3222 or by external circuitry. If refresh timing is to be 
controlled by the 3222 the output Q is tied to the REFREQ 
input. Timing is controlled by an oscillator internal to the 
3222. The desired refresh timing interval Is determined by: 

1- tpEF = -63 RxCx 

r 
Where: 
tpEF - the total time between refreshes (e.g. 2msec) in 

msec, 
r = the number of rows to be refreshed on the memory 

device (for the 2107C r = 64). 
Rx = external timing resistance in KH (3K to 10K) 
Cx = external timing capacitance in juf. (O.OOS/zf to 
0.02Mf) 

The 3222's oscillator stability is guaranteed to be ±2% for a 
given part and ±6% from part to part, both over the ranges 
0°C ^ Ta ^ 75° C and Vcc = 5.0V ±5%. 

Figure F shows how the 3222 may be used to control 
refresh in a 2104A system. 
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3232 

ADDRESS MULTIPLEXER AND REFRESH 

COUNTER FOR 4K DYNAMIC RAMs 



■ Ideal for 2104A 

■ Simplifies System Design 

■ Reduces Package Count 

■ Standard 24-Pin DIP 



Address Input to Output Delay: 
9ns Maximum Driving 15pF, 
25ns Maximum Driving 250pF 
Suitable for Either Distributed or 
Burst Refresh 
Single Power Supply: +5 Volts ±10% 



The Intel® 3232 contains an address multiplexer and refresh counter for multiplexed address dynamic RAMs requiring refresh 
of up to 6 input addresses (or 4K bits for 64 x 64 organization). It multiplexes twelve bits of system supplied address to six output 
address pins. The device also contains a 6 bit refresh counter which is externally controlled so that either distributed or burst 
refresh may be used. The high performance of the 3232 makes it especially suitable for use with high speed N-channel RAMs 
like the 2104A. 

The 3232 operates from a single +5 volt power supply and is specified for operation over a to +75° C ambient temperature 
range. 



PIN CONFIGURATION 



COUNT C 


1 


^ 


24 


Dvcc 


ENABLE C 


2 




23 


I] ROW ENABLE 


AiC 


3 




22 


3h 


A.i: 


4 




21 


Da„ 


A^C 


5 




20 


3 a. 


AsC 


6 


3232 


19 


Da,o 


AoC 


7 




18 


3*3 


AeC 


8 




17 


Dn 


ooc: 


9 




16 


D03 


o,C 


10 




15 


30. 


oX 


11 
12 




14 
13 


HOs 


gndC 


3 ZERO DETECT 



NOTE: Aq through A5 ARE ROW ADDRESSES. 

Ag THROUGH A,, ARE COLUMN ADDRESSES. 



TRUTH TABLE AND DEFINITIONS: 



REFRESH 
ENABLE 


ROW 
ENABLE 


OUTPUT 


H 


X 


REFRESH ADDRESS 

(FROM INTERNAL COUNTER) 


L 


H 


ROW ADDRESS 
(Ao THROUGH A5) 


L 


L 


COLUMN ADDRESS 
(Ab THROUGH Ai,) 



LOGIC DIAGRAM 




COUNT - ADV ANCES INTERNAL REFRESH COUNTER. 
ZERO DETECT - INDICATES A ZERO IN THE REFRESH ADDRESS 
(USED IN BURST REFRESH MODE). 
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ABSOLUTE MAXIMUM RATINGS'" 

Temperature Under Bias -65** to +125° C 

Storage Temperature -es** to +160*'C 

All Input, Output, or 

Supply Voltages -0.5V to +7 Volts 

Output Currents 100mA 

Power Dissipation 1W 



*COMMENT: 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in the 
operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



D.C. AND OPERATING CHARACTERISTICS 



All Limits Apply for Vcc = 5.0V ±10%, Ta = 0°C to + 75°C 



SYMBOL 


PARAMETER 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN. 


TYP.O) 


MAX. 


If 


Input Load Current 




-0.04 


-0.25 


mA 


Vm = 0.45V 


Ir 


Input Leakage Current 







10 


mA 


ViN = 5.5V 


ViH 


Input High Voltage 


2.0 






V 




ViL 


Input Low Voltage 






0.8 


V 




Vol 


Output Low Voltage 




0.25 


0.40 


V 


loL = 5mA 


VoH 


Output High Voltage (Oo-Cis) 


2.8 


4.0 




V 


loH = -1mA 


VoHl 


Output High Voltage 
(Zero Detect) 


2.4 


3.3 




V 


loH = -1mA 


Ice 


Power Supply Current 




100 


150 


mA 


Vcc = 5.5V 



Note 1 . Typical values are for T/^ = 25° C and Vqq = 5.0V. 
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A.C. CHARACTERISTICS 

All Limits Apply for Vcc = +5.0V ±10%, Ta = 0°C to 75°C, Load 



1 TTL, Cl = 250pr, Unless Otherwise Specified. 



SYMBOL 


PARAMETER 


MIN. 


typ!'> 


MAX. 


UNIT 


CONDITIONS 


tAO 


Address Input to Output Delay 




6 


9 


ns 


Refresh Enable = Low^'x^' 


tAOl 


Address Input to Output Delay 




16 


25 


ns 


Refresh Enable = Low 


too 


Row Enable to Output Delay 


7 


12 


27 


ns 


Refresh Enable = Low <>) (2) 


tool 


Row Enable to Output Delay 


12 


28 


41 


ns 


Refresh Enable = Low 


tEO 


Refresh Enable to Output Delay 


7 


14 


27 


ns 


Note 1, 2 


teoi 


Refresh Enable to Output Delay 


12 


30 


45 


ns 




tco 


Count to Output 


15 


40 


60 


ns 


Refresh Enable = High^) (2) 


tcoi 


Count to Output 


20 


55 


80 


ns 


Refresh Enable = High 


fc 


Counting Frequency 


5 






MHz 




tcpw 


Count Pulse Width 


35 






ns 




tcz 


Count to Zero Detect 


15 




70 


ns 


Note 2 



Note 1 : Vcc = 5.0V, Ta = 25° C 
2: Cl= 15pF 

A.C. TIMING WAVEFORMS {Tvpicaily used with 2104A) 
NORMAL CYCLE 



ROW ENABLE 



V^ll 



OoA 



I- 



)C 



-*oo- 



y. 



2.4V 
0.8V 



\ 



* <oo- 



ROW ADDRESS 



y. 



COLUMN ADDRESS 



REFRESH 
ENABLE 



REFRESH CYCLE 



REFRESH 
ENABLE 



ZETODFTECT 



/' 



Og-S^ ADDRESS 






REFRESH ADDRESS 



\-^' 



-^<co-H 



-*CPW - 



y. 



\ 



REFRESH ADDRESS 



yn 



tcz 



:^i 
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PIN NAMES AND FUNCTIONS 
Pin. Pin 



No. 




23 



24 



Name 



Function 



Count Input 



2 


Refresh Enable 
Input 


7.3,5,18, 
20,22 


A0-A5 Inputs 


8,4,6,17, 
19,21 


Ae-Aii Inputs 


9,11,10, 
16,15,14 


O0-O5 Outputs 


12 


GND 


13 


Zero Detect 
Output 



Row Enable 
Input 



Active low input increments 
internal six bit counter by 
one for each count pulse in. 

Active high input which 
determines whether the 
3232 is in refresh mode (H) 
or address enable (L). 

Row Address inputs. 

Column address inputs. 

Address outputs to mem- 
ories. Inverted with respect 
to address inputs. 

Power supply ground. 

Active low output which 
senses that all six bits of 
refresh address in the count- 
er are zero. Can be used in 
the burst mode to sense 
refresh completion. 

High input selects row, low 
input selects column addres- 
ses of the driven memories. 

+5V power supply input. 



DEVICE OPERATION 

The Intel® 3232 Address Multiplexer/Refresh Counter 
performs the following functions: 

1. Row, Column and Refresh Address multiplexing 

2. Address counting for burst or distributed refresh. 

These functions are controlled by two signals: Refresh 
Enable and Row Enable, both of which are active high TTL 



inputs. The truth table on page 1 shows the levels required 
to multiplex to the output: 

1. Refresh addresses (from internal counter) 

2. Row addresses (Ao through A5) 

3. Column addresses (Ae through An) 

Burst Refresh Mode 

When refresh is requested, the refresh enable input is high. 
This input is AND ed with the 6 outputs of the internal 6 bit 
counter. At each Count pulse the counter increments by 
one, sequencing the outputs (O0-O5) through all 64 row 
addresses. When the counter sequences to all zeros, the 
Zero Detect output goes low signaling the end of the r efresh 
sequence. Due to counter decoding spikes, the Zero Detect 
output is valid only after tcz following the low going edge of 
Count. 

Distributed Refresh Mode 

In the distributed refresh mode, one row is selected for 
refresh each (tpEFRESH/n) time where n = number of rows in 
the device and tpE fresh 's the specified refresh rate for the 
device. For the 2104A tpEFRESH "= 2msec and n = 64, there- 
fore one row is refreshed each 31 jusec. Following the refresh 
cycle at row n^, the Count input is pulsed, advancing the 
refresh address by one row so that the next refresh cycle will 
be performed on row n^+i- The Count input may be pulsed 
following each refresh cycle or within the refresh cycle after 
the specified memory device address hold time. 

Row and Column Address 

All twelve system address lines are applied to the inputs of 
the 3232. When Refresh Enable is low and Row Enable is 
high, input addresses A0-A5 are gated to the outputs and 
applied to the driven memories. Conversely, when Row 
Enable is low (with Refresh Enable still low), input 
addresses Ae-An are gated to the outputs and applied to the 
driven memories. 

Figure 1 shows a typical connection between the 3232 and 
the 2104A 4K dynamic RAM. When the memory devices are 
driven directly by the 3232, the address applied to the 
memory devices is the inverse of the address at the 3232 
inputs due to the inverted outputs of the 3232. This should 
be remembered when checking out the memory system. 



A,, -^ 


"" 








Ofe 


A5 


2 104 A 


A5 


2104A 


A5 


2104A 


1 
1 
1 


3232 


% 


Ao 


1 
1 
1 
i \ 


1 
1 
i 
1 Ao 


Aq > 










REFRESH 








1 
ZERODE 


flCT 


ENABLE ^ 

ROW y 












ENABLE ^ 







Figure 1. Typical Connection of 3232 and 2104 Memories. 
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3242 

ADDRESS MULTIPLEXER AND REFRESH 

COUNTER FOR 16K DYNAMIC RAMs 



Ideal For 2116 

Simplifies System Design 

Reduces Package Count 

Standard 28-Pin DIP 

Suitable For Either Distributed 
Or Burst Refresh 



Single Power Supply: 
+5 Volts ±10% 

Address Input to Output Delay: 
9ns Driving 15 pF, 
25ns Driving 250pF 



The Intel® 3242 is an address multiplexer and refresh counter for multiplexed address dynamic RAMs requiring refresh of 64 or 
128 cycles. It multiplexes 14 bits of system supplied address to 7 output address pins. The device also contains a 7 bit refresh 
counter which is externally controlled so that either distributed or burst refresh may be used. The high performance of the 3242 
makes it especially suitable for use with high speed N-channel RAMs like the 2116. 

The 3242 operates from a single +5 volt power supply and is specified for operation over a to +75°C ambient temperature 
range. It is fabricated by means of Intel's highly reliable Schottky bipolar process and is packaged in a hermetically sealed 28 
pin Type D package. 



PIN CONFIGURATION 



LOGIC DIAGRAM 



COUNT [2 1 

REFRESH ENABLE C ^ 

ROW ENABLE [^ 3 

N.C. C 4 

AslI 6 

A2C 7 

A9C 8 

AoC 9 

A7C 10 

O2C 12 
Old 13 

gndC 14 



28 IVcc 

27 lAfi 

26 3 Ai3 

25 DA5 

24 I]Ai2 

23 IIA4 

22 ]] A„ 

21 I] A3 

20 13 A10 

19 II Oe 

18 DO3 

17 30, 

16 I]05 

15 3 ZERO DETECT 



NOTE: Ao THROUGH Ag ARE ROW ADDRESSES. 

A7 THROUGH Ai3 ARE COLUMN ADDRESSES. 



TRUTH TABLE AND DEFINITIONS: 




REFRESH 
ENABLE 


ROW 
ENABLE 


OUTPUT 


H 


X 


REFRESH ADDRESS 

(FROM INTERNAL COUNTER) 


L 


H 


ROW ADDRESS 
(Aq THROUGH Ag) 


L 


L 


COLUMN ADDRESS 
{A-j THROUGH A^3) 






Ch 



01 



o-^ 



1 — Vv— — o '' 



llAAis 



7 BIT COUNTER 



COUNT - ADV ANCES INTERNAL REFRESH COUNTER. 

ZERO DETECT - INDICATES ZERO IN THE FIRST 6 
SIGNIFICANT REFRESH COUNTER 
BITS (USED IN BURST REFRESH MODE) 
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A.C. Characteristics 

All Limits Apply for Vcc = +5.0V ±10%, Ta = 0°C to 75° C, Load = 1 TTL, Cl = 250pF, Unless Otherwise Specified. 



SYMBOL 


PARAMETER 


MIN. 


TYP<1) 


MAX. 


UNIT 


CONOmONS 


tAO 


Address Input to Output Delay 




6 


9 


ns 


Refresh Enable = Low<2)(3) 


tAOl 


Address Input to Output Delay 




16 


25 


ns 


Refresh Enable =^ Low 


too 


Row Enable to Output Delay 


7 


12 


27 


ns 


Refresh Enable = Low<2)(3) 


tool 


Row Enable to Output Delay 


12 


28 


41 


ns 


Refresh Enable = Low 


tEO 


Refresh Enable to Output Delay 


7 


14 


27 


ns 


Notes 2, 3 


tEOl 


Refresh Enable to Output Delay 


12 


30 


45 


ns 




tco 


Count to Output 


15 


40 


60 


ns 


Refresh Enable = Hig|i<2)(3) 


tcoi 


Count to Output 


20 


55 


80 


ns 


Refresh Enable = High 


fc 


Counting Frequency 






5 


MHz 




tcpw 


Count Pulse Width 


35 






ns 




tcz 


Count to Zero Detect 


15 




70 


ns 


Notes 



Notes: 1. Typical values are for T/\ = 25°C and Vcc "= 5.0V. 

2. Ta = 25°C, Vcc = 5.0V. 

3. Cl= 15 pF. 

A.C. TIMING WAVEFORMS (Typically used with 2116) 



NORMAL CYCLE 



ROW ENABLE 



/ 



s 



DON'T CARE 



1. 



2.4V 
0.8V 



1 



ROW ADDRESS 



1. 



COLUMN ADDRESS 



REFRESH 
ENABLE 



REFRESH CYCLE 



REFRESH 
ENABLE 



/' 



T. 



REFRESH ADDRESS 






\ 



REFRESH ADDRESS 



X 



:^l: 



5-24 



3242 



Absolute Maximum Ratings* 

Temperature Under Bias -10° to +85° C 

Storage Temperature -65° to +1 50° C 

All Input, Output, or 

Supply Voltages -0.5V to +7 Volts 

Output Currents 100mA 

Power Dissipation 1W 



^COMMENT: 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in the 
operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



D.C. and Operating Characteristics 

All Limits Apply for Vcc = 5.0V ±10%, Ta = 0°C to + 75° C 



SYMBOL 


PARAMETER 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN. 


TYP.d) 


MAX. 


If 


Input Load Current 




-0.04 


-0.25 


mA 


V,N = 0.45V, Note 2 


Ir 


Input Leakage Current 




0.01 


10 


mA 


V,N = 5.5V 


V,H 


Input High Voltage 


2.0 






V 




V,L 


Input Low Voltage 






0.8 


V 




Vol 


Output Low Voltage 




0.25 


0.40 


V 


loL = 8mA 


VoH 


Output High Voltage (O0-O6) 


3.0 


4.0 




V 


loH =-1mA 


VoHl 


Output High Voltage 
(Zero Detect) 


2.4 


3.3 




V 


loH = -1mA 


ice 


Power Supply Current 




105 


165 


mA 


Vcc = 5.5V 



Notes: 1 . Typical values are for T/^ = 25°C and Vqc = 5.0V. 

2. Inputs are high innpedance, TTL connpatible, and suitable for bus operation. 



Packaging Information 



28 LEAD HERMETIC DUAL IN-LINE PACKAGE 
TYPED 



1.470 (37.338) 




SEATING MAX, 
PLANE .100|(2540)j 
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PIN NAMES AND FUNCTIONS 



Pin 
No. 



Pin 
Name 



Function 




1 


Count 




Input* 


2 


Refresh 




Enable 




Input* 


9,5,7,21, 


Ao-Ae 


23,25,27 


Inputs* 


10,6,8,20, 


A7-A13 


22,24,26 


Inputs* 


11,13,12, 


Oo-Oe 


18,17,16, 


Outputs 


19 




14 


GND 


15 


Zero 



28 



Detect 
Output 

Row 

Enable 

Input* 

Vcc 



Active low input increments internal 7- 
bit counter by one for each count pulse 
in. 

Active high input which determines 
whether the 3242 is in refresh mode (H) 
or address enable (L). 

Row address inputs. 

Column address inputs. 

Address outputs to memories, 
with respect to address inputs. 

Power supply ground. 

Active low output which senses that the 
six low order bits of refresh address in 
the counter are zero. Can be used in the 
burst mode to sense refresh completion. 

High input selects row, low input selects 
column addresses of the driven memo- 
ries. 

+5V power supply input. 



2. Row addresses (Aq through Aq). 

3. Column addresses (A7 through A13). 

Burst Refresh Mode ^ 

When refresh is requested, the refresh enable input is high. 
This input is ANDed with th e seven outputs of the internal 
7-bit counter. At each Count pulse the counter increments by 
one, sequencing the outputs (Oq— Og) through 128 row ad- 
dresses. When the first six signif i cant b its of the counter 
sequence to all zeros, the Zero Detect output goes low, 
signaling the end o f the refresh sequence. Due to counter de- 
coding spikes, the Zero Detect output is val id only after Xqz 
following the low-going edge of Count. The Zero Detect out- 
put used in this manner signals the completion of 64 refresh 
cycles. To use the 128-cycle burst refresh mode, an external 
Inverted flip-fjop must be driven by the Zero Detect. 



*The inputs are high impedance, TTL compatible, and suitable for bus 
operation. 



DEVICE OPERATION 

The Intel® 3242 Address Multiplexer/Refresh Counter per- 
forms the following functions: 

1. Row, Column and Refresh Address multiplexing. 

2. Address Counting for burst or distributed refresh. 

These functions are controlled by two signals: Refresh Enable 
and Row Enable, both of which are active high TTL inputs. 
The truth table on page 1 shows the levels required to multi- 
plex to the output: 

1. Refresh addresses (from internal counter). 



Distributed Refresh Mode 

In the distributed refresh mode, one row is selected for refresh 
each (tREFRESH/"^) t'"^® where n = number of refresh cycles 
required for the device and tpEppESH 'S the specified refresh 
rate for the device. For the 21 16 tpEFRESH "^ 2 msec and n = 
128 or 64, therefore, one row is refreshed each 15.5 or 31 
jusec, r espectively. Following the refresh cycle at row n^, the 
Count input is pulsed, advancing the refresh address by one 
row so th at the next refresh cycle will be performed on row 
nx+i- The Count input may be pulsed following each refresh 
cycle or within the refresh cycle after the specified memory 
device address hold time. 

Row and Column Address 

All 14 system address lines are applied to the Inputs of the 
3242. When Refresh Enable is low and Row Enable is high, 
input addresses Aq—Aq are gated to the outputs and applied to 
the driven memories. Conversely, when Row Enable is low 
(with Refresh Enable still low), input addresses A7— A13 are 
gated to the outputs and applied to the driven memories. 
Figure 1 shows a typical connection between the 3242 and the 
2116 16K dynamic RAM. When the memory devices are 
driven directly by the 3242, the address applied to the mem- 
ory devices is the inverse of the address at the 3242 inputs due 
to the inverted outputs of the 3242. This should be remem- 
bered when checking out the memory system. 



Al3 >— 

I 



Ao >- 



ROW 



ENABLE ' — 
COUNT >- 



ZERO DETECT 



Figure 1. Typical Connection of 3242 and 2116 Memories. 
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3245 
QUAD TTL-TO-MOS DRIVER 
FOR 4K N-CHANNEL MOS RAMs 



Fully Compatible with 4K RAMs 
Without Requiring Extra Supply 
or External Devices 
High Speed, 32 nsec Max. — 
Delay + Transition Time 
Low Power — 75mW Typical 
Per Channel 



High Density — Four Drivers in 
One Package 

TTL and DTL Compatible Inputs 

CerDIP Package — 16 Pin DIP 

Only +5 and +12 Volt Supplies 
Required 



The Intel® 3245 is a Quad Bipolar-to-MOS driver which accepts TTL and DTL input signals. It provides 
high output current and voltage suitable for driving the clock inputs of N-channel MOS nnemories such as 
the 21 07 B. The circuit operates fronn two power supplies which are 5 and 12 volts. Input and output clamp 
diodes minimize line reflections. 

The device features two common enable inputs, a refresh select input, and a clock control input for 
simplified system designs. The internal gating structure of the 3245 eliminates gating delays and mini- 
mizes package count. 

The 3245 is fabricated by means of Intel's highly reliable Schottky bipolar process and is specified for 
operation over a to +75° C ambient temperature range. 



PIN CONFIGURATION 





VddC 


1 




16 


I]Vcc 




°i[Z 


2 




15 


I]04 




SIZ 


3 




14 


m^. 




cC 


4 


3245 13 


Z]E- 




rCI 


5 




12 


DE-3 




r^C 


6 




11 


Zl'-a 




o^CI 


7 




10 


12 0, 




gndCI 


8 




9 


Z]nc 




PIN NAMES 


'rU 


SELECT INPUTS 




0,-04 DRIVER OUTPUTS 


E-E- 


ENABLE INPUTS 




Vcc +5V POWER SUPPLY 


R 


REFRESH SELECT INPUT 


Vpt, +12V POWER SUPPLY 


C 


CLOCK CONTROL INPUT 


NC NOT CONNECTED 



LOGIC DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS'^ 

Temperature Under Bias -10°C to 85°C 

Storage Temperature -65°C to +1 50°C 

Supply Voltage, Vcc -0.5 to +7V 

Supply Voltage, Vqd -0.5 to +14V 

All Input Voltages -1.0 to Vqd 

Outputs for Clock Driver -1.0 to Vqd +1 V 

Power Dissipation at 25°C 2W 

*COMMENT: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 



D.C. CHARACTERISTICS 

Ta = 0°C to 75°C, Vcc=5.0V ±5%, Vdd = 12V ±5% 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


Ifd 


Input Load Current,Ti ,12,13,14 




-0.25 


mA 


Vp = 0.45V 


Ife 


Input Load Current, R,C,Ei,E2 




-1.0 


mA 


Vp = 0.45V 


Ird 


Data Input Leakage Current 




10 


UiA 


Vr = 5.0V 


Ire 


Enable Input Leakage Current 




40 


MA 


Vr = 5.0V 


Vol 


Output Low Voltage 




0.45 


V 


loL = 5mA, V,H = 2V 


-1.0 




V 


Iql = -5mA 


VOH 


Output High Voltage 


Vdd-0.50 




V 


loH = -1mA, V,L = 0.8V 




Vdd+1.0 


V 


Iqh = 5mA 


V|L 


Input Low Voltage, All Inputs 




0.8 


V 




V|H 


Input High Voltage, All Inputs 


2 




V 





POWER SUPPLY CURRENT DRAIN AND POWER DISSIPATION 



Symbol 


Parameter 


Typ. 


Max. 


Unit 


Test Conditions — Input states to 
ensure the following output states: 


Additional Test 
Conditions 


Ice 
•dd 
Pdi 


Current from Vqc 
Current from Vpo 
Power Dissipation 
Power Per Channel 


23 
19 
365 
91 


30 
26 
485 
121 


mA 
mA 
mW 
mW 


High 


Vcc = 5.25V 


Ice 
'dd 

Pd2 


Current from Vqc 
Current from Vpo 
Power Dissipation 
Power Per Channel 


29 
12 
300 
75 


39 
15 
388 
97 


mA 
mA 
mW 
mW 


Low 


Vdd= 12.6V 
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A.C. CHARACTERISTICS t^, = o" to 75°c, v^c = 5.ov ±5%. v^^ = 12V ±5% 


Symbol 


Parameter 


MinJll 


Typ.[2,4] 


Max.[3] 


Unit 


Test Conditions 


t-+ 


Input to Output Delay 


5 


11 




ns 


RSERIES = 


tpR 


Delay Plus Rise Time 




20 


32 


ns 


RSERIES = 


t+- 


Input to Output Delay 


3 


7 




ns 


RSERIES = 


tDF 


Delay Plus Fall Time 




18 


32 


ns 


RSERIES = 


tj 


Output Transition Time 


10 


17 


25 


ns 


RSERIES = 20^ 


tDR 


Delay Plus Rise Time 




27 


38 


ns 


RSERIES = 20^ 


toF 


Delay Plus Fall Time 




25 


38 


ns 


•^SERIES "^ 20n 



NOTES: 1. Cl= 150pF 

2. Cl= 200pF 

3. Cl = 250pF 



These values represent a range of 
total stray plus clock capacitance 
for nine 4K RAMs. 



4. Typical values are measured at 25° C. 

CAPACITANCE * Ta = 25°c 



Symbol 


Test 


Typ. 


Max. 


Unit 


C|N 


Input Capacitance, Ii,l2''3''4 


5 


8 


pF 


C|N 


Input Capacitance, R,C,Ei,E2 


8 


12 


pF 



A.C. CONDITIONS OF TEST 

Input Pulse Amplitudes: 3.0V 

Input Pulse Rise and Fall Times: 5 ns between 

1 volt and 2 volts 
Measurement Points: See Waveforms 



*This parameter is periodically sampled and is not 100% tested. 
Condition of measurement is f = 1 MHz, V^jas = 2V, Vcc "^ OV, 
andTA = 25°C. 

WAVEFORMS 



?. 




TYPICAL CHARACTERISTICS 



INPUT TO OUTPUT DELAY 
VS. LOAD CAPACITANCE 



DELAY PLUS TRANSITION TIME 
VS. LOAD CAPACITANCE 






100 200 300 400 500 600 
LOAD CAPACITANCE (pF) 



S 20 





























Jdr^ 


<r^ 




^ 




— — 


^F 


^^"^ 





















100 200 300 400 500 

LOAD CAPACITANCE (pF) 
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Typical System 



Below is an example of a 64K x 18 bit memory system (each card is 16K x 18) employing the 3245 quad high voltage 
driver for the chip enable inputs. A single 3245 package drives 16K x 9 bits. Aq through A^^ are 2107B addresses. 



"•— 


(9 2107B'$) 

(ROW 4L) 


-* 






CHIP ENABLE 



CHIP ENABLE 
(ROW 2L) 



CHIP ENABLE 



CHIP ENABLE 



1 L»nivc« ^ I 

r| J21L |r 



1 UMIVtM 1 r 

r| j^ |r 



02 O3 



*— 


(9 2107B's) 


""*' 




(ROW 4R) 




CHIP ENABLE 



CHIP ENABLE 
(ROW 2R) 



CHIP ENABLE 



CHIP ENABLE 



SEE TABLE 1 > 
SEE TABLE 1 o- 
DRIVER 1 RS(T 
DRIVER 2 {RS(3)] 



DRIVER 1 RS(2 ) o- 
DRIVER 2 (RS(4)1 




CHIP ENABLE » 



CHIP ENABLE 
(ROW 2L) 




TABLE 1 




CHIP ENABLE 
(ROW ID 


CARD 


INPUTS 
Ei E2 




A 
B 
C 
D 


ENABLE M 


ENABLE P 


CHIP ENABLE 


ENABLE M 


ENABLE 


(ROW 1R) 


ENABLE N 


ENABLE P 




ENABLE N 


ENABLE 


CHIP ENABLE 
(ROW 2R) 

DRIVER #2 
OUTPUTS 
CONNECTED IN 
SIMILAR MANNER 









A130 

GNDo 



INTEL® 

3205 

10F8 

BINARY 

DECODER 



' RS(1) 

• RS(2) 

• RS(3) 
- RS(4) 



REFRESH (^ 
ENABLE 



->- 



;:0 



->- 



o 



REFRESH 
ENABLE 
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TELECOMMUNICATIONS 



INTRODUCTION 

The 2910 and 2911 Codecs (Coder-Decoder) are the first members of a family of advanced Telecommunication com- 
ponents. IHigh density LSI fabrication techniques are used allowing sample and hold, digital to analog converter, and 
comparitors to be Integrated on a single chip along with digital logic necessary to interface a full duplex PCM (Pulse 
Code Modulation) link. 

The 2912 Line Filters are designed to interface directly to the Codecs to perform the filtering function required In PCM 
Systems. The 2912 is a fully integrated monolithic device that contains the transmit and receive filters, a 50/60 Hertz 
notch, power amplifiers, and features necessary to interface directly to the Codec. 

The primary applications of the Codecs and Filters are in telephone systems for the transmission, switching and con- 
centration of voice communications In PCM Systems. 



TABLE OF CONTENTS 

2910 PCM CODEC - ^LAW 6-3 

2911 PCM CODEC - A LAW .6-14 

2912 PCM LINE FILTERS 6-26 
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2910 
PCM CODEC-mLAW 

8-BIT COMPANDED A/D AND D/A CONVERTER 



Per Channel, Single Chip Codec 

CCITT G711 and G733 Compatible. 
ATT T1 Compatible with 8th Bit 
Signaling 

Microcomputer Interface with On-Chip 
Time-Slot Computation 

78dB Dynamic Range, with Resolution 
Equivalent to 12-Bit Linear Conversion 
Around Zero 



±5% Power Supplies: +12V, +5V, -5V 

Precision On-Chip Voltage Reference 

Low Power Consumption 230mW Typ. 
Standby Power 110mW Typ. 

All Digital Inputs and Outputs TTL 
Compatible 

Fabricated with Reliable N-Channel 
MOS Process 



The Intel® 2910 is a fully integrated PCM (Pulse Code Modulation) Codec (Coder-Decoder), fabricated with N-channel 
silicon gate technology. The high density of integration allows the sample and hold circuits, the digital-to-analog 
converter, the comparator and the successive approximation register to be integrated on the same chip, along with the 
logic necessary to interface a full duplex PCM link and provide in-band signaling. 

The primary applications are in telephone systems: 

• Transmission — T1 Carrier 

• Switching — Digital PBX's and Central Office Switching Systems 

• Concentration — Subscriber Carrier/Concentrators 

The wide dynamic range of the 2910 (78dB) and the minimal conversion time (80/xsec minimum) make it an ideal product 
for other applications, like: 

• Data Acquisition • Secure Communications Systems 

• Telemetry • Signal Processing Systems 




PIN CONFIGURATION 



BLOCK DIAGRAM 



CAPl^C 


1 ^ 


^ 24 


DCLKc 


CAP2xC 


2 


23 


l^C 


VFxC 


3 


22 


DVbb 


AUTOC 


4 


21 


DSIGx 


grdaC 


5 


20 


IFSx 


VddC 


' 2910 '' 

7 18 


DCLKx 


DrC 


8 


17 


DCLKr 


pdnC 


9 


16 


:]Vcc 


vFrC 


10 


15 


1^ 


capIrC 


11 


14 


DDx 


CAP2RC 


12 


13 


;3GRDD 



(g) SIGx- 
® VF^- 
AUTO -* 
©CAPIx. 
@CAP2x_ 



@CAP1r_ 
(g)CAP2R — 
(g) VFr^ 
(6) SIGr^ 



O PIN NUMBER 



TRANSMIT SECTION A/D 



SUCCESSIVE 

APPROXIMATION 

REGISTER 



Vref 




CONTROL SECTION 



■<H 



RECEIVE SECTION 
D/A 



~T" 

GRDA 

® 



~r 

GRDD 



Vcc 

® 



CONTROL 
REGISTER 



INPUT 
REGISTER 



vJd 

(2) 



-TSx (15) 
-CLKx® 



-De (§) 
-CLKc® 
► PDN (?) 



-Dr (8) 
-CLKr® 
-FSr (18) 
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PIN DESCRIPTION 



■ 



Pin No. 


Symbol 


Function 


Description 


1 


CAPIx 


Hold 


Connections for the transmit 


2 


CAP2x 


holding capacitor. Refer to Appli- 
cations Section. 


3 


VFx 


Input 


Analog input to be encoded into 
a PCM word. The signal on this 
lead is sampled at the same rate 
as the transmit frame synchroni- 
zation pulse FSx, and the sample 
value is held in the external 
capacitor connected to the 
CAPIx and CAP2x leads until 
the encoding process is com- 
pleted. 


4 


AUTO 


Output 


Most significant bit of the en- 
coded PCM word (+5V for nega- 
tive, -5V for positive inputs). 
Refer to the Codec Applications 
section. 


5 


GRDA 


Ground 


Analog return common to the 
transmit and receive analog cir- 
cuits. Not connected to GRDD 
internally. 


6 


SIGr 


Output 


Signaling output SIGr is up- 
dated with the 8th bit of the re- 
ceive PCM word on signaling 
frames, and is latched between 
two signaling frames. TTL inter- 
face. 


7 


Vdd 


Power 


+12V, ±5%; referenced to GRDD 
or GRDA, depending upon sys- 
tem grounding considerations. 


8 


Dr 


Input 


Receive PCM highway (serial 
bus) interface. The Codec seri- 
ally receives a PCM word (8-bits) 
through this lead at the proper 
time defined by FSr, CLKr, 
Dc, and CLKc- 


9 


PDN 


Output 


Active high when Codec is in the 
power down state. TTL inter- 
face. Open drain output. 


10 


VFr 


Output 


Analog output. The voltage pre- 
sent on VFr is the decoded value 
of the PCM word received on 
lead Dr. This value is held con- 
stant between two conversions. 


11 


CAPIr 


Hold 


Connections for the receive 
holding capacitor. Refer to the 
Applications section. 


12 


CAP2R 


13 


GRDD 


Ground 


Ground return common to the 
DC power supplies; Vbb, Vcc, 
and Vdd- 


14 


Dx 


Output 


Output of the transmit side onto 
the send PCM highway (serial 
bu3). The 8-bit PCM word is seri- 
ally sent out on this pin at the 
proper time defined by FSx, 
CLKx, Dc, and CLKc. TTL three- 
state output. 



Pin No. 


Symbol 


Function 


Description 


15 


Ts;^ 


Output 


Normally high, this signal goes 
low while the Codec is transmit- 
ting an 8-bit PCM word on the Dx 
lead. (Time-slot information 
used for diagnostic purposes 
and also to gate the data on the 
Dx lead.) TTL interface, open 
drain output. 


16 


Vcc 


Power 


+5V, ±5%, referenced to GRDD. 


17 


CLKr 


Input 


Master receive clock defining 
the bit rate on the receive PCM 
highway. Typically 1.544 Mbps 
for a T1 carrier system. Maxi- 
mum rate 2.1 Mbps. 50% duty 
cycle. TTL interface. 


18 


FSr 


Input 


Frame synchronization pulse for 
the receive PCM highway. Re- 
sets the on-chip time slot count- 
er for the receive side. Maximum 
repetition rate 12 KHz. Also used 
to differentiate between non- 
signaling frames and signaling 
frames for the receive side. TTL 
interface. 


19 


CLKx 


Input 


Master transmit clock defining 
the bit rate on the transmit PCM 
highway. Typically 1.544 Mbps 
for a T1 carrier system. Maxi- 
mum rate 2.1 Mbps. 50% duty 
cycle. TTL interface. 


20 


FSx 


Input 


Frame synchronization pulse for 
the transmit PCM highway. Re- 
sets the on-chip time slot count- 
er for the transmit side. Maxi- 
mum repetition rate 12 KHz. Also 
used to differentiate between 
non-signaling frames on the 
transmit side. 


21 


SIGx 


Input 


Signaling input. This digital in- 
put is transmitted as the 8th bit 
of the PCM word on the Dx lead, 
on signaling frames. TTL inter- 
face. 


22 


Vbb 


Power 


-5V, ±5%, referenced to GRDD 
or GRDA, depending upon sys- 
tem grounding considerations. 


23 


Dc 


Input 


Data input to program the Codec 
for the chosen mode of opera- 
tion. TTL interface. 


24 


CLKc 


Input 


Clock input to clock in the data 
on the Dc lead in order to define 
the mode of operation of the 
Codec. TTL interface. 
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FUNCTIONAL DESCRIPTION 

The 2910 PCM Codec provides the analog-to-digital and 
the digital-to-analog conversions necessary to interface a 
full duplex (4 wires) voice telephone circuit with the PCM 
highways of a time division multiplexed (TDM) system. 

In a typical telephone system the Codec Is used between 
the PCM highways and the line filters. 

The Codec provides two major functions: 

• Encoding and decoding of analog signals (voice and 
call progress tones) 

• Encoding and decoding of the signaling and super- 
vision information 

On a non-signaling frame, the Codec encodes the 
incoming analog signal at the frame rate (FSx) into an 8- 
bit PCM word which is sent out on the Dx lead at the 
proper time. Similarly, on a non-signaling frame of the 
receive link, the Codec fetches an 8-bit PCM word from 
the receive highway (Dr lead) and decodes an analog 
value which will remain constant on lead VFr until the next 
receive frame. Transmit and receive frames are indepen- 
dent, They can be asynchronous (transmission) or 
synchronous (switching) with each other. 

On a signaling frame, the Codec transmit side will encode 
the incoming analog signal as previously described and 
substitute the signal present on lead SIGx for the least 
significant bit of the encoded PCM word. Similarly, on a 
receive signaling frame, the Codec will decode the 7 most 
significant bits according to the CCITT G733 recom- 
mendation and will output the least significant bit value on 
the SIGr lead until the next signaling frame. Signaling 
frames on the send and receive sides are independent of 
each other. 




PCM HIGHWAYS 



Typical line Termination 

The 2910 Codec is intended to be used on line and trunk 
terminations. The call progress tones (dial tone, busy 
tone, ring-back tone, re-ordertone), and the pre-recorded 
announcements, can be sent through the voice-path, 
while signaling (off hook and disconnect supervision, 
rotary dial pulses, ring control) is sent through the 
signaling path. 

Circuitry is provided within the Codec to internally define 
the transmit and receive time-slots in order to minimize 
the common equipment. This feature can be bypassed 
and discrete time-slots sent to each Codec within a 
system. 

In the power-down mode, mostfunctionsof the Codecare 
disabled to reduce power dissipation to a minimum. 



I 



CODEC OPERATION 
Codec Control 

The operation of the 2910 is defined by serially loading an 
8-bit word through the Dc lead (data) and the CLKc lead 
(clock). The loading is asynchronous with the other 
operations of the Codec, and takes place whenever 
transitions occur on the CLKc lead. The Dc input is loaded 
in during the trailing edge of the CLKc input. 




BIT1 BIT 2 BIT 3 BIT 4 BIT 5 BIT 6 BIT 7 BITS 



_ SELECT. 
MODE 



_ASSIGNX, R_ 



TIME SLOT: ny, Hr 



The control word contains two fields: 

Bit 1 and Bit 2 define whether the subsequent 6 bits apply 
to both the transmit and receive side (00), the transmit side 
only (01 ), the receive side only (10) or whether the Codec 
should go into the standby, power-down mode (1 1 ). In the 
latter case (11), the following 6 bits are irrelevant. 



The last 6 bits of the control word define the time-slot 
assignment, from 000000 (time-slot 1 ) to 1 1 1 1 1 1 (time-slot 
64). Bit 3 is the most significant bit and bit 8 the least 
significant bit and last into the Codec. 



Biti 


Bit 2 


Mode 








X&R 





1 


X 


1 





R 


1 


1 


Standby 



Bit 3 8 


Time Slot 



1 

111111 


1 
2 

64 



The Codec will retain the control word (or words) until a 
new word is loaded in or until power is lost. This feature 
permits dynamic allocation of time-slots for switching 
applications. 
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■ 



Microcomputer Control Mode 

In the microcomputer mode, each Codec performs its own 
time-slot computation independently for the transmit and 
receive channels by counting clock pulses (CLKx and 
CLKr). All Codec's tied to the same data bus receive 
identical framing pulses (FSx and FSr). The framing 
pulses reset the on-chip time-slot counters every frame; 
hence the time-slot counters of all devices are 
synchronized. Each Codec is programmed via CLKc and 
Dc for the desired transmit and receive time-slots 
according to the description in the Codec Control 
Section. All Codec's tied to the same Dr bus will, in 
general, have different receive time-slots, although that is 
not a device requirement. Thera may be separate busses 
for transmit and receive or all Codec's may transmit and 
receive over the same bus, in which case the transmit and 
receive channels must be synchronous (CLKx = CLKr). 
There are no other restrictions on time-slot assignments; a 
device may have the same transmit and receive timeslot 
even if a single bus is used. 

There are several requirements" for using the CLKc-Dc 
interface in the microcomputer mode. 

1. A complete time-slot assignment, consisting of eight 
negative transitions of CLKc, must be made in less than 
one frame period. The assignment can overlap a 
framing pulse so long as all 8 control bits are clocked in 
within a total span of 125Msec (foranSKHzframerate). 
CLKc must be leftataTTL low level when notassigning 
a time-slot. 

2. A dead period of two frames must always be observed 
between successive time-slot assignments. The two 
frame delay is measured from the rising edge of the first 



CLKc transition of the previous time-slot assigned. 

3. When the device is in the power-down state, an 
initialization time-slot assignment is required prior to 
the assignment of the desired time-slots. That is, the 
first assignment brings the device out of power-down 
but does not register the time-slot information in the 
lower six bits of the control word. Once the initialization 
time-slot assignment has been completed, the desired 
time-slots may be assigned according to the descrip- 
tions above. The two frame delay between the 
initialization and the time-slot assignment must be 
observed. 

Example of Microcomputer Control Mode: 

The two words 01000001 and 10000010 have been loaded 
into the Codec. The transmit side is now programmed for 
time-slot 2 and the receive side for time-slot 3. The Codec 
will output a PCM word on the transmit PCM highway 
(bus) during the time-slot 2 of the transmit frame, and will 
fetch a PCM word from the receive PCM highway during 
time-slot 3. 

U— SEPARATED BY AT LEAST TWO FRAMES 
inj2lj3LFlJ5lJ6lj7lj8L_^JT|^^ 

J~lJ~i ri_i' 




In this example the Codec interface to the PCM highway 
then functions as shown below (FSx and FSr may be 
asynchronous). 



FSx IN 



.« XMT TIME SLOT 2 ^ j ^ XMT TIME SLOT 3 

1234 5 6 78*1234 56 



-I §-. 



njij-iJi_^jxriJ~LJiJTJiTinjTJijnjTJTri^^ 



Dx OUT 

fs;;ouT 



I I I I IZE 



T. 



_r 



^ ' RCV TIME SLOT 1 

1 2 3 4 5 6 7 



RCV TIME SLOT 2 



-+- 



RCV TIME SLOT 3 



FSr in I ll 2 34 56 78.1 234 56 78.1 2 34 56 78! 

CLK„ IN JlJlJlJ-lJTriJTJlJTJlJlJ~LJlJ~^^ 

D„ IN I I I I I I I I I I i I I I I I I I i I I I I I 



I 



PCM WORD CLOCKED IN 



Direct Control Mode 

In the Direct Mode, unlike the microcomputer mode, the 
Codec time-slots bear a fixed phase relationship to the 
framing pulses (FSx, FSr). Frame pulses become time- 
slot strobes. Devices tied to the same Dx bus must get 
different FSx pulses; all devices tied to the same Dr bus 
will, in general, receive different FSr pulses, although that 
is not a device requirement. Again the Dx and Dr busses 
may be the same bus in synchronous systems, and there 
are no restrictions on , the relationship between the 
transmit and receive time-slots of a given Codec. The 
direct mode is a special case of the microcomputer mode 
in that the device always operates in the first time-slot and 



hence transmits and receives its data in the eight clock 
periods which begin with the first clock (CLKx or CLKr) 
rising edge following the rising edge of the framing pulse 
(FSx or FSr). That is, bit 1 of each time-slot is delayed one 
clock cycle from the leading edge of the respective 
framing pulse. 

The essential difference between the direct mode and 
microcomputer mode is that in the direct mode, the 
control words always consist either of all 1's (for assigning 
power-down) or all O's (for powering up the device and 
assigning the first time-slot). Hence there are fewer timing 
constraints on Dc and CLKc. In particular, it is possible to 
define a continuous clock which can be tied to CLKc and 
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which makes the device behave as if the Dc lead is an 
active low chip select. Whenever selected, the device 
assumes the first time-slot in both the transmit and receive 
directions. The characteristics of the continuous clocl< 
used for CLKc are: 

a) The clock must contain at least 8 pulses per frame. 

b) The transitions must occur only during the 8th bit of 
any transmit time-slot. CLKc transitions may not occur 
during the first through seventh bits of any transmit 
time-slot. This requirement is unique to the case when 



the direct mode is implemented with a continuous 
clock on CLKc. Commonly, the external timing 
circuitry which is used to generate the time-slot 
strobes for the direct mode control, will contain a clock 
which marks the 8th bit of each transmit time-slot (for 
example, a signaling bit marker). 

c) The microcomputer mode requirement that successive 
time-slot assignments be separated by two frames 
does not apply when a continuous clock with these 
characteristics is used for CLKc. 



General Control Requirements 

All bit and frame clocks should be applied whenever the 
device is active. In particular, an unused channel cannot 
be de-activated by removal of its associated frame or bit 
clock while the other channel of the same device remains 
active. A single channel can be removed from service in 
the microcomputer mode by assigning an excess time- 
slot to that channel. 

Since the time-slot counters contain 6-bits they can count 
to 64 time-slots. Therefore, a channel assigned an excess 



time-slot (e.g. time-slot 48 in a 32 channel system) will 
remain idle. 



A single channel cannot be deactivated in the direct 
control mode except by physical disconnection of the 
data lead (Dx or Dr) from the system data bus. A device 
(both transmit and receive channels) may be de-activated 
in either control mode by powering down the device. Both 
channels are always powered down together. 



■ 



Encoding 

The VF signal to be encoded is Input on the VFx lead. An 
internal switch samples the signal and the hold function is 
performed by the external capacitor connected to the 
CAP1x and CAP2x leads. The sampling and conversion is 
synchronized with the transmit time-slot (worst case 



conversion time is 20 time-slots). The PCM word is then 
output on the Dx lead at the proper time-slot occurrance 
of the following frame. The A/D converter saturates at 
approximately ±2.2 volts rms (±3.1 volts peak). 




Decoding 

The PCM word Is fetched by the Dr lead from the PCM 
highway at the proper time-slot occurrence. The decoded 
value is held on the external capacitor connected to the 
CAP1R and CAP2r leads. 



The buffered non-return to zero output signal on the VFr 
lead is equal to the stored voltage on CAPr. The output 
signal on lead VFr has a dynamic range of approximately 
±2.2 volts rms (±3.1 volts peak). 



Signaling 

The duration of the FSx and FSr pulses defines whether a 
frame is an information frame or a signaling frame: 

• A frame synchronization pulse which is a full clock 
period in duration (CLKx period for FSx, CLKr period 
for FSr) designates a non-signaling frame. 



• A frame synchronization pulse which is two full clock 
periods in duration (two CLKx periods for FSx, two CLKr 
periods for FSr) designates a signaling frame. 

On the encoding side, when the FSx pulse is widened, the 
8th bitofthe PCM word will be replaced by the value on the 
SIGx input at the time when the 8th bit is output on the Dx 
lead. 
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\-m TSix H h* TSnx H h-TSlx h* TSox »H 

I It I 192 1 I I 

CLKx JfUTUIUTLJ^lJTlJiUTlJTL^ 




On the decoding side, when the FSr pulse is widened, the 
8th bit of the PCM word is detected and transmitted on the 
SIGr lead. That output is latched until the next receiving 
signaling frame. 



The remaining 7-bits are decoded according to the value 
given in the CCITT G733 recommendation. The SIGr lead 
is reset to a TTL low level whenever the Codec is in the 
power-down state. 



I 



U« TSIr *-4 j-* TSnR »-j 'pcTSiR U*- ■ TShr 

CLKRJTlJnjIUIUTUiU^lJTlJ^^ 

192 REC. S IGNAL FR AME 

FSr J \ , S 1 L, 

SIGR 

Dr :::::::;:::::::::::::::::::::::::::::::::;:iiiiixi3XBiX^^ 

B8 VT 

SIGr zu ~ : :_ )(0. 



D3 Framing 

The number of clock pulses (CLKx.CLKr) delivered to the 
Codec per frame must be a multiple of 8. In thecaseof the 
D3 framing format (193 bits/frame), one clock pulse per 
frame must be suppressed (blanked) from the 1.544 Mb/s 
bit clocks CLKx and CLKr. It is generally easiest to blank 
the framing (193rd) bit in both cases. This pulse 
suppression may be performed once at the system level. 



with the same bit clock distributed to all Codec's, whether 
the microcomputer control mode or the direct control 
mode is employed. 

The framing pulse widths are always defined relative to 
Codec bit clock transitions; whenever a pulse is blanked in 
a Codec bit clock, any framing pulse which spans that 
blanked bit clock interval must be extended beyond the 
next bit clock transition. 



Standby Mode — Power Down 

To minimize power consumption and dissipation in large 
systems, a standby mode is provided by loading a control 
word (Dc) with a "1" in bits 1 and 2 locations. Most of the 
Codec functions thereby become disabled, with the 



exception of the interface to the Dc and CLKc leads, to 

allow the Codec to be reactivated. 

The power consumption in the standby mode is typically 

llOmW. 



Power-On Clear 

Whether the device is used in the direct or microcomputer 
mode, an internal reset (power-on clear) is generated 
whenever either of the two positive device power supplies 



(Vdd or Vcc) are removed or applied. The Codec thus 
assumes the power-down state upon application of the 
positive power supplies and must be initialized in the 
normal way for operation. 



Precision Voltage Reference for the 
D/A Converter 

The voltage reference is generated on the chip and is 
calibrated during the manufacturing process. The 
technique uses the difference in sub-surface charge 
density between two suitably implanted MOS devices to 
derive a temperature stable and bias stable reference 
voltage. 



A gain setting op amp, programmed during manu- 
facturing, "trims" the reference voltage source to the final 
precision voltage reference value provided to the D/A 
converter. The precision voltage reference determines the 
initial gain and dynamic range characteristics described 
in the A.C. Transmission Specification Section. 



6-8 



2910 



APPLICATIONS 
Circuit Interface 




Holding Capacitors 

For an 8KHz sampling system the transmit holding 
capacitor CAPx should be 2000pF, 20%. The receive 
holding capacitor CAPr should be470pF, 20% for 32 time- 
slots and 8KHz sample rate or 560pF, 20% for 24 time-slots 
and 8KHz sample rate. An additional capacitor C2 of 
100pF, is required from the CAP2r lead to GRDA. 



Auto Zero 

The auto zero output (most significant bit or sign bit of the 
A/D conversion) integrated over a long time constant will 
compensate for the DC offset inside the Codec (voltage 
difference between the bottom of the DAC and GRDA). 
The above drawing shows a possible connection between 
the VFx and Auto leads. The recommended values of the 
auto zero components are: 

Ci of VF, Ri of 47ka R2 of 3300, and R3 of 470ka 



Filters Interface 

The filters may be interfaced as shown in the circuit 
interface diagram. Note that the output pulse stream is of 
the non-return to zero type. 

Dx Buffering 

For optimum idle channel noise performance it is 
recommended that the Dx output of each Codec be 
buffered from the system PCM bus with an external three- 
state or open collector buffer. Each buffe r can be enabled 
with the appropriate Codec generated TSx signal. The 
TSx signal may be used to activate zero code suppression 
logic on the PCM bus. 



Grounding and Decoupling Recommendations 



r 



ANALOG CKTS. 



CAPx 
2000pF-j- 

-A^^- 

CAPR , 

470pF -T- 



.ImF. 
GRDD 



1_ 



Grounding 

Analog grounding is connected to the GRDA lead. The 
GRDA and GRDD leads are not connected inside the 2910. 
An external connection is thus necessary outside the 
Codec to tie all the analog ground lines to the common 
return of the system GRDD. 



To minimize the injection of digital logic noise into the 
analog signal path the GRDA and GRDD external 
connection should be made as close as practical to the 
system supply ground. 

Decoupling 

A 0.1)uF bypassing capacitor from each power supply to 
digital ground is generally recommended at each device. 
This decoupling may be reduced based on actual board 
design and performance. 

Sufficient board level decoupling must be provided to 
guarantee that power supply transients (including turn 
on and off) do not exceed the absolute maximum ratings 
of the device. A minimum of 1 juF is recommended once per 
board for each power supply. A pair of small switching 
diodes (in opposite directions) between analog and digital 
ground on a once-per-board basis is recommended to 
maintain the two ground levels near the same value during 
board insertion and removal. 
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ABSOLUTE MAXIMUM RATINGS'^ 

Temperature Under Bias -10°Cto+80°C 

Storage Temperature -65° C to +150° C 

All Input or Output Voltages 

with Respect to Vbb -0.3 to +20V 

Vcc, Vdd and Vss with 

Respect to Vbb -0.3 to +20V 

Power Dissipation 1 .35W 



*COMMENT: Stresses above those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sec- 
tions of this specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods may affect device 
reliability. 



D.C. AND OPERATING CHARACTERISTICS Ta - o°c to +70°c, Vdd = +12V ± 5%, Vcc = 5V ± 5%, 

Vbb = -5V ± 5%, GRDA = OV, GRDD = OV, unless otherwise specified. 
DIGITAL INTERFACE 



I 





Parameter 


Limits 


Unit 




Symbol 


Min. 


TypJ^i 


Max. 


Test Conditions 


IlL 


Low Level Input Current 






10 


mA 


ViN < ViL 


llH 


High Level Input Current 






10 


mA 


ViN > VlH 


ViL 


Input Low Voltage 






+0.6 


V 




VlH 


Input High Voltage 


+2.2 






V 




Vol 


Output Low Voltage 






0.4 


V 


Dx, IOL=3.2mA 




SIGr, loL=0.5mA 




TSx, loL=1 .6mA, open drain 




PDN, loL=0.5mA,open drain 


VOH 


Output High Voltage 


2.4 






V 


Dx, loH=30mA 




SIGr, loH=0.6mA 



ANALOG INTERFACE 












Aiz 


Input Impedance when Sampling, VFx 


125 


300 


500 


n 


In Series with CAPx to 
GRDA, -3.1V <ViN< 3.1V 


Aoz 


Output Impedance, VFr 


100 


180 


300 


n 


-3.1V <VouT< 3.1V 


Vol 


Output Low Voltage, Auto 




Vbb 


Vbb 


V 


400knto GRDA 


VoH 


Output High Voltage, Auto 


Vcc 


Vcc 




V 




Ri 


Auto Zero Component 


42 


47 


52 


kn 


47kn Recommended [2] 


R2 


Auto Zero Component 


290 


330 


360 


n 


330n Recommended!^] 


R3 


Auto Zero Component 


420 


470 


520 


kn 


470kn Recommended [2] 


Ci 


Auto Zero Component 


1.0 






mF 




CAPx 


Holding Capacitor, Transmit 


1600 


2000 


2400 


PF 


8kHz Sampling, 2000pF 
Recommendedt^l 


CAPr 


Holding Capacitor, Receive 


390 


470 


560 


PF 


8kHz Sampling, 32 Time- 
Slots, 470pF Recommended'^' 




450 


560 


670 


pF 


8kHz Sampling, 24 Time- 
Slots, 560pF Recommended'^' 


C2 


Bypass Capacitor 


80 




120 


pF 


lOOpF Recommended[21 



POWER DISSIPATION 












Iddo 


Standby Current 




6 


9 


mA 


Vdd- 12.6V 
Vcc = 5.25V 
Vbb = -4.75V 
Clock Frequency 2.048MHz 


Icco 


Standby Current 




5 


8 , 


mA 


Ibbo 


Standby Current 




2 


4 


mA 


Iddi 


Operating Current 




11 


16 


mA 


Icci 


Operating Current 




13 


21 


mA 


Ibbi 


Operating Current 




4 


6 


mA 





NOTES: 1 . Typical Values are for Ta = 25° C and nominal power supply values. 
2. See Applications Circuit Interface for component connections. 
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A.C. CHARACTERISTICS 

TA = 0''Cto-l-70°C,VDD = -l-12V + 5%,Vcc = -t-5V±5%,VBB = -5V±5%,GRDA = 0V,GRDD = 0V,unlessotherwisespecified. 



TRANSMISSION (Any two 2910 Codec's, end-to-end) 





Parameter 


Limits 


Unit 




Symbol 


Min. 


Typt^^ 


Max. 


Test Conditions 


S/D 


Signal/Total Distortion Ratio, C-message 
Weighted (See Figure 1) 


Fig. 1 


Fig. 1 




dB 


Vfx=1.02KHz, Sinusoid 


AG 


Gain Tracking Error 
(See Figure 2) 


-0.3 




0.3 


dB 


Vfx=1.02KHz Sinusoid 
-37dBm0<VFx<0dBm0 




-0.7 




0.7 


dB 


-50dBmO<VFx<-37dBmO 




-2.1 




2.1 


dB 


-55dBmO<VFx<-50dBmO 


Nici 


Idle Channel Noise, C-message Weighted 




8 


14 


dBrncO 


With Auto-Zero, No 
Signalingl21 


N|C2 


Idle Channel Noise, C-message Weighted 




10 


16 


dBrncO 


With Auto-Zero; with 6th and 
12th Frame Signaling 


HD 


Harmonic Distortion (2nd or 3rd) 




-48 


-44 


dB 


Vfx=1.02KHz, OdBmO; 
Measured at Decoder 
Output, VFr 



Notes: 

1. Typical Values are for Ta = 25° and nominal power supply values. 

2. If all Auto-Zero components are removed and VFx is direct coupled, the encoder tends to bias itself away from a decision level 
(hysteresis). The idle channel noise is then typically 2 dBrncO, but will be dependent on the D.C. offset of the PCM transmit filter 
output provided to VFx. 



I 





2910 TYPICAL 








^^ 2910 SPEC 




, t 

r 5dB 

2ciB i 




/^ .-33 "" 




30 

22 

20 

10 


1 1 1 AT&T ^ 
^ 1 i D3 CHANNEL BANK ^ 
^ 1 COMPATIBILITY ^ 
^ 1 1 SPECIFICATION ^ 
^ 1 1 (ISSUE 2 10-14-74) ^ 

IN 1 


t 




^^ 



AT&T 

D3 CHANNEL BANK 
COMPATIBILITY 
SPECIFICATION 

(ISSUE 2 10-14-74) 



INPUT LEVEL (dBmO) 



Figure 1. Signal/Total Distortion Ratio. 



Figure 2. Gain Traclcing Error (AG) vs. Signal Level 
Reference Level OdBmO. 
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A.C. CHARACTERISTICS 

Ta = O^'C to +70° C, Vdd = +12V ± 5%, Vcc = 
unless otherwise specified. 



+5V ± 5%, Vbb = -5V ± 5%, GRDA = OV, GRDD ^ OV, 




GAIN AND DYNAMIC RANGE 














Parameter 


Limits 


Units 




Symbol 


Min. 


Typ.[i] 


Max. 


Comments 


DmW 


Digital Milliwatt Response 


5.55 


5.63 


5.71 


dBm 


23°C. Nominal Suppliesl21 


DmWT 


DmWo Variation with Temperature 




-.0005 


-.0009 


dB/°C 


Relative to 23° C 12] 


DmWs 


DmWo Variation with Supplies 






±.07 


dB 


Supplies ±5%12l 


AOR 


Output Dynamic Range, VFr 


2.14 


2.16 


2.18 


Vrms 


23°C, Nominal Supplies 


AORT 


AoR Variation with Temperature 






-.22 


mVRMS/°C Relative to 23° C 


AORS 


AoR Variation with Supplies 






±18 


mVRMS 


Supplies ±5% 


GSL 


Self Loop Gain 


-.24 


-.20 


-.16 


dB 


VFX=-dBmO, 1.02KHzl31 


Gee 


End-to-End Codec Gain 


-.4 


-.3 


-.2 


dB 


23°C, Nominal Suppliest'^i 


Geet 


Gee Variation with Temperature 




.0010 


.0018 


dB/°C 


Relative to 23° C'"^' 


Gees 


Gee Variation with Supplies 




±.07 


±.13 


dB 


Supplies ±5%^"^' 


Gfr 


Decoder Frequency Response Departure 
from Ideal (Sinx)/x, VFr 






±.05 


dB 


300 Hz</<3800 Hz 
Vfx = 0dBm0(51 



SUPPLY REJECTION AND CROSSTALK 



PSRRi 


Vdd Power Supply Rejection Ratio 


50 


60 




dB 


Encoder Alonel^l 


PSRR2 


Vbb Power Supply Rejection Ratio 


50 


60 




dB 


Encoder Alone'®] 


PSRR3 


Vcc Power Supply Rejection Ratio 


50 


80 




dB 


Encoder Alonet®] 


PSRR4 


Vdd Power Supply Rejection Ratio 


40 


50 




dB 


Digital Loop Back'^l 


PSRRs 


Vbb Power Supply Rejection Ratio 


40 


45 




dB 


Digital Loop Back'^'l 


PSRR6 


Vcc Power Supply Rejection Ratio 


50 


80 




dB 


Digital Loop Back'^l 


CT 


Cross Talk Isolation 


75 


>80 




dB 


Note 8 



NOTES: 

1. Typical Values are for Ta = 25** and nominal power supply values. 

2. Dr of Device Under Test (D.U.T.) driven with repetitive digital word sequence specified in CCITT recommendation G.711. 
Measurement made at VFr output. 

3. D.U.T. acts as both encoder and decoder (Dx=Dr) in a digital loop-back configuration. Specified gain is in addition to normal (Sinx)/x 
Insertion loss. 

4. Any 2910 as encoder; any other 2910 as decoder; both D.U.T.'s with separate supplies and at independent temperatures. Specified gain is in 
addition to normal (Sinx)/x insertion loss. 

5. (Sinx)/x with x = Measurement Frequency (/) x tt 

Sampling Frequency 

6. D.U.T. Encoder; impose 200mV p-p, 1.02KHz on appropriate supply; measurement made at remote decoder output; encoder in idle 
channel conditions. 

7. D.U.T. acts as encoder and decoder; impose 200mV p-p, 1.02KHz on appropriate supply; measurement made at co-located decoder 
output; encoder in idle channel conditions. 

8. Vfx of D.U.T. encoder = 1.02KHz, OdBmO. Co-located D.U.T. decoder under quiet channel conditions; measurement made at co- 
located decoder output. 
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A.C. CHARACTERISTICS 

Ta = 0°C to +70° C, Vdd - +12V ± 5%, Vcc = +5V ± 5%, Vbb = -5V ± 5%, GRDA - OV, GRDD - OV, 
unless otherwise specified. 

TIMING SPECIFICATION 
CLOCK SECTION 





Parameter 


Limits 






Symbol 


Min. 


Max. 


Units 


Comments 


tCY 


Clock Period 


485 




ns 


CLKx, CLKr (2.048MHz systems), 
CLKc 


tr, tf 


Clock Rise and Fall Time 


5 


30 


ns 


CLKx, CLKr, CLKc 


tCLK 


Clock Pulse Width 


215 




ns 


CLKx, CLKr, CLKc 


tCDC 


Clock Duty Cycle (tcLK ^ tcY) 


45 


55 


% 


CLKx, CLKr 



TRANSMIT SECTION 



tVFX 


Analog Input Conversion 


20 




Time Slot 


From Leading Edge of Transmit 
TimeSlotl^l 


tDZX 


Data Enabled on TS Entry 


50 


180 


ns 


< Cload < lOOpF 


tDHX 


Data Hold Time 


80 


230 


ns 


< Cload > lOOpF 


tHZX 


Data Float on TS Exit 


75 


205 


ns 


Cload - 


tSON 


Time Slot X to Enable 


30 


220 


ns 


< Cload < lOOpF 


tSOFF 


Time Slot X to Disable 


70 


185 


ns 


Cload = 


tss 


Signal Setup Time 







ns 


Relative to Bit-7 Falling Edge 


tSH 


Signal Hold Time 


100 




ns 


Relative to Bit-8 Falling Edge 


tPSD 


Frame Sync Delay 


15 


100 


ns 


FSx 



I 



RECEIVE AND CONTROL SECTIONS 



tVFR 


Analog Output Update 


6 


6 


Time Slot 


From the Leading Edge of the 
Channel Time Slot 


tDSR 


Receive Data Setup 


20 




ns 




tDHR 


Receive Data Hold 


50 




ns 




tSIGR 


SIGr Update 




300 


ns 


From the Trailing Edge of the 
Channel Time Slot 


tFSD 


Frame Sync Delay 


15 


100 


ns 




tDSC 


Control Data Setup 


100 




ns 




tDHC 


Control Data Hold 


100 




ns 





NOTE: 

1. The 20 time slot minimum insures that the complete A/D conversion will take place under any combination of receive interrupt or 
asynchronous operation of the Codec. If the transmit channel only is operated the A/D conversion can be completed in a minimum of 1 1 
time slots. Refer to the Codec Control General Requirement section for instructions on setting a channel in an idle condition. 
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TIMING WAVEFORMS"' 

TRANSMIT TIMING 




■ 




XZUdUdZDCIZX 



—*■ [*— %0N 



XIIEEIX 



RECEIVE TIMING 





CONTROL TIMING 



jf VALID 




Notes: 1. AM timing parameters referenced to 2.0V, except tHZX and tsoFF which reference a high impedance state. 
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2911 
PCM CODEC — A LAW 






8-BIT COMPANDED A/D AND D/A CONVERTER 



Per Channel, Single Chip Codec 

CCITT G711 and G732 Compatible. 
Even Order Bits Inversion Included 

Microcomputer Interface with On-Chip 
Time-Slot Computation 

66dB Dynamic Range, with Resolution 
Equivalent to 11 -Bit Linear Conversion 
Around Zero 



±5% Power Supplies: +12V, +5V, -5V 

Precision On-Chip Voltage Reference 

Low Power Consumption: 230mW Typ. 
Standby Power: HOrnW Typ, 

All Digital Inputs and Outputs TTL 

Compatible 

Fabricated with Reliable N-Channel 

MOS Process 



The Intel® 2911 is a fully integrated PCM (Pulse Code Modulation) Codec (Coder-Decoder), fabricated with N-channel 
silicon gate technology. The high density of integration allows the sample and hold circuits, the digital-to-analog 
converter, the comparator and the successive approximation register to be integrated on the same chip, along with the 
logic necessary to interface a full duplex PCM link. 

The primary applications are in telephone systems: 

• Transmission — 30/32 Channel Systems at 2.048 Mbps 

• Switching — Digital PBX's and Central Office Switching Systems 

• Concentration — Subscriber Carrier/Concentrators 

The wide dynamic range of the 291 1 (66 dB) and the minimal conversion time (80 )usec minimum) make it an ideal product 
for other applications, like: 

• Data Acquisition • Secure Communications Systems 

• Telemetry • Signal Processing Systems 




PIN CONFIGURATION 



BLOCK DIAGRAM 



CAPIx C 

CAP2x C 

VFxC 

AUTOC 

grdaC 
VddC 

pdnH 

vfrC 

capir c 

CAP2r C 



DCLKc 

DVbb 

DCLKx 

DFSr 

DCLKr 

DTSx 

;3grdd 



VF,- 
(4) AUTO -• 
CAP 1x . 
@CAP2x. 



(10)CAP1r_ 
@CAP2r. 



O PIN NUMBER 



TRANSMIT SECTION A/D 



SAMPLE 

& 

HOLD 



■<H 



SUCCESSIVE 

APPROXIMATION 

REGISTER 




CONTROL SECTION 



RECEIVE SECTION 
D/A 



GRDA GRDD ^BB 

® @ (§) 



CONTROL 
REGISTER 



INPUT 
REGISTER 



T 

® 



. TSx (g) 
.Dx @ 
-CLKx@ 
-FSx (g) 



Dc 


@) 


CLKc 


(22) 


PDN 


® 


Dr 


® 


CLKf 


(16) 


FSr 


@ 
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PIN DESCRIPTION 



■ 



Pin No. 


Symbol 


Function 


Description 


1 


CAP1X 


Hold 


Connections for the trans- 
mit holding capacitor. Re- 
fer to Applications Section. 


2 


CAP2X 


3 


VFx 


Input 


Analog inputto beencoded 
into a PCM word. The sig- 
nal on this lead is sampled 
at the same rate as the 
transmit frame synchroni- 
zation pulse FSx, and the 
sample value is held in the 
external capacitor connec- 
ted to the CAPIx and 
CAP2x leads until the en- 
coding process is completed. 


4 


AUTO 


Output 


Most significant bit of the 
encoded PCM word (+5V 
for negative, -5V for posi- 
tive value). Refer to the 
Codec Applications Sec- 
tion. 


5 


GRDA 


Ground 


Analog return common to 
the transmit and receive 
analog circuits. Not con- 
nected to GRDD internally. 


6 


Vdd 


Power 


+12V, ±5%, referenced to 
GRDD or GRDA, depend- 
ing upon system grounding 
considerations. 


7 


Dr 


Input 


Receive PCM highway (ser- 
ial bus) interface. The Cod- 
ec serially receives a PCM 
word (8-bits) through this 
lead at the proper time 
defined by FSr, CLKr, Dc, 
and CLKc. 


8 


PDN 


Output 


Active high when the Cod- 
ec is In the power down 
mode. TTL interface. Open 
drain output. 


9 


VFr 


Output 


Analog output. The voltage 
present on VFr is the de- 
coded value of the PCM 
word received on lead Dr. 
This value is held constant 
between two conversions. 



Pin No 



10 



11 



12 



13 



14 



15 



16 



17 



18 



Symbol 



CAPIr 



CAP2R 



GRDD 



Dx 



TSx 



Vcc 



CLKr 



FSr 



CLKx 



Function 



Hold 



Ground 



Output 



Output 



Power 



Input 



Input 



Input 



|f y If " 



Desqrrpllpri 

Connections fdT'.'thi^;,,, r'e^l^' j ^ 
ceive holding ca^iWitof,, ' ^ I 
Refer to the Applications ,, 
Section. 



Ground return common to 
the DC power supplies; 
Vbb, Vcc, and Vdd. 



Output of the transmit side 
onto the send PCM high- 
way (serial bus). The 8-bit 
PCM word is serially sent 
out on this pin atthe proper 
time defined by FSx, CLKx, 
Dc, and CLKc- TTL three- 
state output. 



Normally high, this signal 
goes low while the Codec is 
transmitting an 8-bit PCM 
word on the Dx lead. (Time- 
slot information used for 
diagnostic purposes and 
also to gate the data on the 
Dx lead.) TTL interface, 
open drain output. 



+5V, ±5%, referenced to 
GRDD. 



Master receive clock defin- 
ing the bit rate on the re- 
ceive PCM highway. Typi- 
cally 2.048 Mbps for a car- 
rier system. Maximum rate 
2.1 Mbps. 50% duty cycle. 
TTL compatible. 



Frame synchronization pulse 
for the receive PCM high- 
way. Resets the on-chip 
time-slot counter for the 
receive side. Maximum 
repetition rate 12 kHz. 
TTL interface. 



Master transmit clock de- 
fining the bit rate on the 
transmit PCM highway. Typi- 
cally 2.048 Mbps for a car- 
rier system. Maximum rate 
2.1 Mbps. 50% duty cycle. 
TTL interface. 
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Pin No. 


Symbol 


Function 


Description 


19 


FSx 


Input 


Frame synchronization pulse 
for the transmit PCM high- 
way. Resets the on-chip 
time-slot counter for the 
transmit side. Maximum 
repetition rate 12 kHz. TTL 
interface. 


20 


Vbb 


Power 


-5V, ±5%, referenced to 
GRDD or GRDA, depend- 
upon system grounding 
considerations. 



FUNCTIONAL DESCRIPTION 

The 2911 PCM Codec provides the analog-to-digital and 
the digital-to-analog conversions necessary to interface a 
full duplex (4 wires) voice telephone circuit with the PCM 
highways of a time division multiplexed (TDM) system. 
The Codec is intended to be used on line and trunk 
terminations. 

In a typical telephone system the Codec is located 
between the PCM highways and the channel filters. 

The Codec encodes the incoming analog signal at the 
frame rate (FSx) into an 8-bit PCM word which is sent out 
on the Dx lead at the proper time. Similarly, on the receive 
link, the Codec fetches an 8-bit PCM word from the 
receive highway (Dr lead) and decodes an analog value 
which will remain constant on lead VFr until the next 
receive frame. Transmit and receive frames are independ- 
ent. They can be asynchronous (transmission) or 
synchronous (switching) with each other. 

Circuitry is provided within the Codec to internally define 
the transmit and receive time-slots in order to minimize 
the common equipment. This feature can be bypassed 



Pin No 



21 



22 



Symboi 



Dc 



CLKc 



Function 



Input 



Input 



Data i n put^ to ''prpg^aJ|4h,e 
Codec for th6 bfeosan ,nri<i)^d^ ,;: 
of operation. TTL iklei'fa^ie. ■ 



Clock input to clock in the 
data on the Dc lead in order 
to define the mode of opera- 
tion of the Codec. TTL 
interface. 




Typicai ilne Termination 

TELEPHONE SET 



PABX / CO. SWITCHING SYSTEM / CHANNEL BANK 



TRANSMISSION 
HIGHWAYS 



CONTROL HIGHWAYS 



OFF-HOOK /ROTARY DIAL PULSES 



M- 



SUPERVISION 
PROTECTION 



BATTERY ^ 
FEED 



y^- 



2911 
CODEC 



RING CONTROL 



L. 



■ 



and discrete time-slots sent to each Codec within a 
system. 

In the power-down mode, most functions of the Codec are 
disabled to reduce power dissipation to a minimum. 



CODEC OPERATION 
Codec Control 

The operation of the 291 1 is defined by serially loading an 
8-bit word through the Do lead (data) and the CLKc lead 
(clock). The loading is asynchronous with the other 
operations of the Codec, and takes place whenever 
transitions occur on the CLKc lead. The Dc input is loaded 
in during the trailing edge of the CLKc input. 




TIME SLOT: nx.np 



The control word contains two fields: 

Bit 1 and Bit 2 define whether the subsequent 6 bits apply 
to both the transmit and receive side (00 ), the transmit side 
only (01), the receive side only (10) or whether the Codec 
should go into the standby, power-down mode (11). In the 
latter case (11), the following 6 bits are irrelevant. 



The last 6 bits of the control word define the time-slot 
assignment, from 000000 (time-slot 1 ) to 1 1 1 1 1 1 (time-slot 
64). Bit 3 is the most significant bit and bit 8 the least 
significant bit and last into the Codec. 



Bit 1 


Bit 2 


Mode 








X&R 





1 


X 


1 
1 




1 


R 
Standby 



Bit 3 . 




....8 


Time Slot 











1 


1 
2 


1 1 


1 1 


1 1 


64 



The Codec will retain the control word (or words) until a 
new word is loaded in or until power is lost. This feature 
permits dynamic allocation of time-slots for switching 
applications. 
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Microcomputer Control Mode 

In the microcomputer mode, each Codec performs its own 
time-slot computation independently for the transmit and 
receive channels by counting clock pulses (CLKx and 
CLKr). All Codec's tied to the same data bus receive 
identical framing pulses (FSx and FSr). The framing 
pulses reset the on-chip time-slot counters every frame; 
hence the time-slot counters of all devices are 
synchronized. Each Codec is programmed via CLKc and 
Dc for the desired transmit and receive time-slots 
according to the description in the Codec Control 
Section. All Codec's tied to the same Dr bus will, in 
general, have different receive time-slots, although that is 
not a device requirement. There may be separate busses 
for transmit and receive or all Codec's may transmit and 
receive over the same bus, in which case the transmit and 
receive channels must be synchronous (CLKx = CLKr). 
There are no other restrictions on time-slot assignments; a 
device may have the same transmit and receive timeslot 
even if a single bus is used. 

There are several requirements for using the CLKc-Dc 
interface in the microcomputer mode. 

1. A complete time-slot assignment, consisting of eight 
negative transitions of CLKc, must be made in less than 
one frame period. The assignment can overlap a 
framing pulse so long as all 8 control bits are clocked in 
within a total span of 125 /usee (foranSKHzframerate). 
CLKc must be leftataTTL low level when not assigning 
a time-slot. 

2. A dead period of two frames must always be observed 
between successive time-slot assignments. The two 
frame delay is measured from the rising edge of the first 



CLKc transition of the previous. t1me-Mot^'a|''s|9ned. 

3. When the device is in the pow^r-down dti|i',..^an 
initialization time-slot assignment is required.,, pri'©r4'^^ ,\„, 
the assignment of the desired time-slots. That i>,th'e;r'tf; 
first assignment brings the device out of power-clown , 
but does not register the time-slot information in the ' 
lower six bits of the control word. Once the initialization 
time-slot assignment has been completed, the desired 
time-slots may be assigned according to the descrip- 
tions above. The two frame delay between the 
initialization and the time-slot assignment must be 
observed. 

Example of Microcomputer Control Mode; 

The two words 01000001 and 10000010 have been loaded 
into the Codec. The transmit side is now programmed for 
time-slot 2 and the receive side for time-slot 3. The Codec 
will output a PCM word on the transmit PCM highway 
(bus) during the time-slot 2 of the transmit frame, and will 
fetch a PCM word from the receive PCM highway during 
time-slot 3. 

U— SEPARATED BY AT LEAST TWO FRAMES-H 

JilJzlJ^LJRJslJRJ^lJsL^JTi^^ 

CLKc [ ; 



In this example the Codec interface to the PCM highway 
then functions as shown below (FSx and FSr may be 
asynchronous). 



XMT TIME SLOT 1 



XMT TIME SLOT 2 



FSx IN 



123456 7811234 56 7 



XMT TIME SLOT 3 



1 2 3 4 5 6 7 



CLK, IN rLn_riJiJTJijnjnxLrLJijn^ 



Dx OUT 
TSx OUT 



FSr in 

CLKr in 

Dr in 



I I I i I I I I L 



RCV TIME SLOT 1 



1 2 3 4 5 6 7 



RCV TIME SLOT 2 



1 2 3 4 5 6 7 




RCV TIME SLOT 3 



1 2 3 4 5 6 7 



iTJTJTJTJnJlJTrLITJTJlJXJXnJlJTJlJl_^^ 



I I I I 1 T 



I I I 



I I I I 



PCM WORD CLOCKED IN 



Direct Control Mode 

In the Direct Mode, unlike the microcomputer mode, the 
Codec time-slots bear a fixed phase relationship to the 
framing pulses (FSx, FSr). Frame pulses become time- 
slot strobes. Devices tied to the same Dx bus must get 
different FSx pulses; all devices tied to the same Dr bus 
will, in general, receive different FSr pulses, although that 
is not a device requirement. Again the Dx and Dr busses 
may be the same bus in synchronous systems, and there 
are no restrictions on the relationship between the 
transmit and receive time-slots of a given Codec. The 
direct mode is a special case of the microcomputer mode 
in that the device always operates in the first time-slot and 



hence transmits and receives its data in the eight clock 
periods which begin with the first clock (CLKx or CLKr) 
rising edge following the rising edge of the framing pulse 
(FSx or FSr). That is, bit 1 of each time-slot is delayed one 
clock cycle from the leading edge of the respective 
framing pulse. 

The essential difference between the direct mode and 
microcomputer mode is that in the direct mode, the 
control words always consist either of all 1 's ( for assigning 
power-down) or all O's (for powering up the device and 
assigning the first time-slot). Hence therearefewertiming 
constraints on Dc and CLKc. In particular, it is possible to 
define a continuous clock which can be tied to CLKc and 
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which makes the device behave as if the Dc lead is an 
active low chip select. Whenever selected, the device 
assumes the first time-slot in both the transmit and receive 
directions. The characteristics of the continuous clock 
used for CLKc are: 

a) The clock must contain at least 8 pulses per frame. 

b) The transitions must occur only during the 8th bit of 
any transmit time-slot. CLKc transitions may not occur 
during the first through seventh bits of any transmit 
time-slot. This requirement is unique to the case when 



the direct mode is implemei^ie(^<;;yyitHfe,^'''^<^t),p^^ 
clock on CLKc. Commonly, the,, '^xt^n^^jl^ipg 
circuitry which is used to generate the- tim%^ljQ| 
strobes for the direct mode control, will c6hta|h"'a.pj5'^t| 
which marks the 8th bit of each transmit time-^toy'lpr 
example, a signaling bit marker i. :•" ' 

The microcomputer mode requirement that successive 
time-slot assignments be separated by two frames 
does not apply when a continuous clock with these 
characteristics is used for CLKc. 



General Control Requirements 

All bit and frame clocks should be applied whenever the 
device is active. In particular, an unused channel cannot 
be de-activated by removal of its associated frame or bit 
clock while the other channel of the same device remains 
active. A single channel can be removed from service in 
the microcomputer mode by assigning an excess time- 
slot to that channel. 

Since the time-slot counters contain 6-bits they can count 
to 64 time-slots. Therefore, a channel assigned an excess 



time-slot (e.g. time-slot 48 in a 32 channel system) will 
remain idle. 

A single channel cannot be deactivated in the direct 
control mode except by physical disconnection of the 
data lead (Dx or Dr) from the system data bus. A device 
( both transmit and receive channels ) may be de-activated 
in either control mode by powering down the device. Both 
channels are always powered down together. 



■ 



Encoding 

The VF signal to be encoded is input on the VFx lead. An 
internal switch samples the signal and the hold function is 
performed by the external capacitor connected to the 
CAP1x and CAP2x leads. The sampling and conversion is 
synchronized with the transmit time-slot (worst case 



conversion time is 20 time-slots). The PCM word is then 
output on the Dx lead at the proper time-slot occurrance 
of the following frame. The A/D converter saturates at 
approximately ±2.2 volts rms (±3.1 volts peak). 




CAP^ 



Decoding 

The PCM word is fetched by the Dr lead from the PCM 
highway at the proper time-slot occurrence. The decoded 
value is held on the external capacitor connected to the 
CAPIr and CAP2r leads. 



The buffered non-return to zero output signal on the VFr 
lead is equal to the stored voltage on CAPr. The output 
signal on lead VFr has a dynamic range of ±2.2 volts rms 
(±3.1 volts peak). 



Standby Mode — Power Down 

To minimize power consumption and dissipation in large 
systems, a standby mode is provided by loading a control 
word (Dc) with a "1" in bits 1 and 2 locations. Most of the 
Codec functions thereby become disabled, with the 



exception of the interface to the Dc and CLKc leads, to 

allow the Codec to be reactivated. 

The power consumption in the standby mode is typically 

110mW. 



6-19 



2911 



Power-On Clear 

Whether the device is used in the direct or microcomputer 
mode, an internal reset (power-on clean is generated 
whenever either of the two positive device power supplies 



(Vdd or Vcc) are removed or applied. The Cpdec thus 
assumes the power-down state uponapplicatfb.fl of the 
positive power supplies and must be initialized irt' ,t.li;^ , 
normal way for operation. 



Precision Voltage Reference for the 
D/A Converter 



The voltage reference is generated on the chip and is 
calibrated during the manufacturing process. The 
technique uses the difference in sub-surface charge 
density between two suitably implanted MOS devices to 
derive a temperature stable and bias stable reference 
voltage. 



A gain setting op amp, programmed during manufac- 
turing, "trims" the reference voltage source to the final 
precision voltage reference value provided to the D/A 
converter. The precision voltage reference determines the 
initial gain and dynamic range characteristics described 
in the A.C. Transmission Specification Section. 



i 



CONVERSION LAW 

The conversion law is commonly referred to as the A Law. 

The Codec provides a piecewise linear approximation of 
the logrithmic law through 13 segments. Each segment is 
made of 16 steps with the exception of the first segment 
which has 32 steps. In adjacent segments the step sizes 
are in a ratio of two to one. Within each segment, the step 
size is constant. 

The output levels are midway between the corresponding 
decision levels. The output levels Yn are related to the 
input levels Xn by the expression; 



CODEC TRANSFER CHARACTERISTIC 



Yn = 



Xn-1 + Xn 



0< n < 128 




CODER TRANSFER CHARACTERISTIC 
(A/D CONVERSION) 




DECODER TRANSFER CHARACTERISTIC 
(D/A CONVERSION) 



2 1 





DIGITAL 
INPUT 
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THEORETICAL A LAW - POSITIVE INPUT VALUES 



(For Negative Input Values, Invert Bit 1) 



1 


2 


3 


4 


5 


6 


7 


8 


Segment 
No. 


No. of Steps 
X Step Size 


Value at 
Segment 
End Points 


Decision 

Value No. 

n 


Decision 
Value Xn 

(1) 


PCM Word (4) 


Normalized 

Value at 

Decoder 

Output Yn<5) 


Decoder 

Output 

Value No. 


Bit Number 
1 2 3 4 5 6 7 8 






4096(3) 

2048 
1024 
512 

256 

128 

64 


(128) 
127 

113 

112 

• 
• 

97 

96 

• 
• 

8*1 
80 

• 

65 
64 

49 

48 

• 
• 

33 

32 

• 
• 

1 



(4096) 

3968 

• 

21*76 
2048 

: 

1088 

1024 

• 
• 

544 

512 

• 

• 

272 

256 

• 
• 

136 

128 

68 

64 

• 

2 





4032 

• 
• 

: 

21J2 

• 

1056 

• 

528 

• 

264 

• 
• 

• 

132 

• 

• 

66 

• 
• 

• 
• 
• 
1 


128 

• 
• 

113 

• 

• 
• 

97 

• 

81 

65 

• 

49 

• 

33 

• 

1 


7 


16x 128 


11111111 


(2) 


11110 


6 


16 X 64 


(2) 


1110 


5 


16x32 


(2) 


110 10 


4 


16x 16 


(2) 


110 


3 


16x 8 


(2) 


10 110 


2 


16x4 


(2) 


10 10 


1 


32x2 


(2) 


1 





NOTES: 

(1) 4096 normalized value units correspond to the value of the on-chip voltage reference. 

(2) The PCM word corresponding to positive input values between two successive decision values numbered n and n+1 (see column 4) 
is (128+n) expressed as a binary number. 

(3) X-| 28 is a virtual decision value. 

(4) The PCM word on the highways is the same as the one shown in column 6, with the even order bits inverted. The 291 1 provides 
for the inversion of the even order bits on both the send and receive sections. The sign bit is inverted on the encoder side only. 

(5) The voltage output on the VFp lead is equal to the normalized value given in the table, augmented by an offset. The offset value 
is approximately IBmV. 
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APPLICATIONS 
Circuit Interface 




Auto Zero 

The auto zero output (most significant bitor^ignbit'dft'he 
A/D conversion ) integrated over a long time coristant Wi| , 
compensate for the DC offset inside the Codec (voftage' 
difference between the bottom of the DAC and GROAi'. 
The above drawing shows a possible connection between 
the VFx and Auto leads. The recommended values of the 
auto zero components are: 



Ci of VF, Ri of 47kn, R2 of 330n, and R3 of 470ka 



Filters Interface 

The filters may be interfaced as shown in the circuit 
interface diagram. Note that the output pulse stream is of 
the non-return to zero type. 



■ 



Holding Capacitors 

For an 8KHz sampling system the transmit holding 
capacitor CAPx should be 2000pF, 20%. The receive 
holding capacitor CAPr should be 470pF, 20% for 32 time- 
slots and 8KHz sample rate or 560pF, 20% for 24 time-slots 
and 8KHz sample rate. An additional capacitor C2 of 
100pF, is required from the CAP2r lead to GRDA. 



Dx Buffering 



For optimum idle channel noise performance it is 
recommended that the Dx output of each Codec be 
buffered from the system PCM bus with an external three- 
state or open collector buffer. Each buffe r can be enabled 
with the appropriate Codec generated TSx signal. 



Grounding and Decoupling Recommendations 



r 



ANALOG CKTS. 



50012 

CAPx 
2000pF=p 

-VvV- 



U2 



CAPR 
470pF ■ 



-VvV— ^ 



GRDD 



1_ 



Grounding 

Analog grounding is connected to the GRDA lead. The 
GRDA and GRDD leads are not connected inside the 2911. 
An external connection is thus necessary outside the 
Codec to tie all the analog ground lines to the common 
return of the system GRDD. 



To minimize the injection of digital logic noise into the 
analog signal path the GRDA and GRDD external 
connection should be made as close as practical to the 
system supply ground. 

Decoupling 

A O.VF bypassing capacitor from each power supply to 
digital ground is generally recommended at each device. 
This decoupling may be reduced based on actual board 
design and performance. 

Sufficient board level decoupling must be provided to 
guarantee that power supply transients (including turn 
on and off) do not exceed the absolute maximum ratings 
of the device. A minimum of 1 ^iF is recommended once per 
board for each power supply. A pair of small switching 
diodes (in oppositedirections) between analog and digital 
ground on a once-per-board basis is recommended to 
maintain the two ground levels nearthesame valueduring 
board insertion and removal. 
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ABSOLUTE MAXIMUM RATINGS'' 

Temperature Under Bias -10°Cto+80°C 

Storage Temperature -65° C to +1 50° C 

All Input or Output Voltages 

with Respect to Vbb -0.3 to +20V 

Vcc, Vdd and Vss with 

Respect to Vbb -0.3 to +20V 

Power Dissipation 1 .35W 



*COMMENT: Stresses above those listed under "Absolute Maxi- 
mum Ratings" may = cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sec- 
tions of this specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods may affect device 
reliability. 



D.C. AND OPERATING CHARACTERISTICS Ta = o°c to +70°c, Vdd = +i2V ± 5%, Vcc = 5V ± 5%, 

Vbb = -5V ± 5%, GRDA = OV, GRDD = OV, unless otherwise specified. 
DIGITAL INTERFACE 





Parameter 


Limits 


Unit 




Symbol 


Min. 


TypJ^i 


Max. 


Test Conditions 


IlL 


Low Level Input Current 






10 


mA 


ViN < ViL 


llH 


High Level Input Current 






10 


mA 


ViN > V|H 


ViL 


Input Low Voltage 






+0.6 


V 




VlH 


Input High Voltage 


+2.2 






V 




Vol 


Output Low Voltage 






0.4 


V 


Dx, IOL^3.2mA 








TSx, loL=1. 6mA, open drain 




PDN, loL==0.5mA,open drain 


VOH 


Output High Voltage 


2.4 








V 


Dx, IOH=30mA 




ANALOG INTERFACE 












Aiz 


Input Impedance when Sampling, VFx 


125 


300 


500 


n 


In Series with CAPx to 
GRDA, -3.1V < ViN <3.1V 


Aoz 


Output Impedance, VFr 


100 


180 


300 


a 


-3.1V < VouT<3.1V 


Vol 


Output Low Voltage, Auto 




Vbb 




V 


400ka to GRDA 


VoH 


Output High Voltage, Auto 




Vcc 




V 




Ri 


Auto Zero Component 


42 


47 


52 


kn 


47ka Recommendedl21 


R2 


Auto Zero Component 


290 


330 


616 


a 


330a Recommended I2I 


R3 


Auto Zero Component 


420 


470 


520 


ka 


470ka Recommended I2I 


Ci 


Auto Zero Component 


1.0 






mF 




CAPx 


Holding Capacitor, Transmit 


1600 


2000 


2400 


PF 


8kHz Sampling, 2000pF 
Recommendedl2l 


CAPr 


Holding Capacitor, Receive 


390 


470 


560 


PF 


8kHz Sampling, 32 Time- 
Slots, 470pF Recommended'^' 




450 


560 


670 


pF 


8kHz Sampling, 24 Time- 
Slots, 560pF Recommended '2' 


C2 


Bypass Capacitor 


80 


100 


120 


pF 


lOOpF Recommended'^! 



POWER DISSIPATION 












Iddo 


Standby Current 




6 


9 


mA 


Vdd = 12.6V 
Vcc = 5.25V 
Vbb = -4.75V 


Icco 


Standby Current 




5 


8 


mA 


Ibbo 


Standby Current 




2 


4 


mA 


Iddi 


Operating Current 




11 


16 


mA 


Icci 


Operating Current 




13 


21 


mA 


Clock Frequency 2.048MHz 


Ibbi 


Operating Current 




4 


6 


mA 





NOTES: 1. Typical Values are for Ta = 25° C and nominal power supply values. 
2. See Applications Circuit Interface for component connections. 
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A.C. CHARACTERISTICS Ta = o°c to +70°c, Vdd = +i2v ± 5%, Vcc - +5V ± 5%, vbb ^-^^y't s%- 

GRDA = OV, GRDD = OV, unless otherwise specified. ■ ; 

TRANSMISSION, GAIN AND DYNAMIC RANGE 






Parameter 


Limits 


Unit 




Symbol 


Min. 


Typ.[i] 


Max. 


Test Conditions 


S/D 


Signal to Total Distortion Ratio. See 
Figure 2. CCITT G.712 Method 2 
(Sinusoidal method). 


35 






dB 


Signal Level OdBmO to 
-30dBmO 




29 






dB 


Signal Level -40dBmO 




24 






dB 


Signal Level -45dBmO 


AG 


Gain Tracking Deviation from Gain at 
OdBmO. See Figure 1. CCITT G.712 
Method 2 (Sinusoidal method). 






±0.3 


dB 


Signal Level +3dBmO to 
-40dBmO 








±0.7 


dB 


SignaJ Level -40dBmO to 
-50dBmO 








±2.1 


dB 


Signal Level -50dBmO to 
-55dBmO 


NIC 


Idle Channel Noise 






-73 


dBmOp 


With Auto Zerol2] 


AoR 


Output Dynamic Range, VFr 


2.14 


2.16 


2.18 


Vrms 


23° C, Nominal Supplies 


AORT 


Aor Variation with Temperature 






-.22 


mVRMs/°C 


Relative to 23° C 


AORS 


AoR Variation with Supplies 






±18 


mVRMS 


Supplies ±5% 


GSL 


Self Loop Gain 


-.24 


-.20 


-.16 


dB 


VFX=-dBmO, 1.02KH2(3] 


Gee 


End-to-End Codec Gain 


-.4 


-.3 


-.2 


dB 


23°C, Nominal Suppliesl^l 


Geet 


Gee Variation with Temperature 




.0010 


.0018 


dB/°C 


Relative to 23°C['^] 


Gees 


Gee Variation with Supplies 




±.07 


±.13 


dB 


Supplies ±5%[4] 


Gfr 


Decoder Frequency Response Departure 
from Ideal (Sinx)/x, VFr 






±.05 


dB 


300 Hz</<3800 Hz 
Vfx = OdBmOls] 


CT 


Cross Talk Isolation 


75 


>80 




dB 


[6] 



NOTES: 

1. Typical Values are for Ta = 25° and nominal power supply values. 

2. If all Auto-Zero components are removed and VFx is direct coupled, the encoder tends to bias itself away from a decision level 
(hysteresis). The idle channel noise is then typically -85dBmOp, but will be dependent on the D.C. offset of the PCM transmit 
filter output provided to VFx. 

3. D.U.T. acts as both encoder and decoder (Dx=Dr) in a digital loop-back configuration. Specified gain is in addition to normal (Sinxi/x 
insertion loss. 

4. Any 291 1 as encoder; any other 291 1 as decoder; both D.U.T.'s with separate supplies and at independent temperatures. Specified gain 
is in addition to normal (Sinx)/x insertion loss. 

5. (Sinx)/x with x = Measurement Frequency (/) x tt 

Sampling Frequency 

6. Vfx of D.U.T. encoder = 1.02KHz, OdBmO. Co-located D.U.T. decoder under quiet channel conditions; measurement made at co- 
located decoder output. 





LEGEND 
:^N-^ CCITT G.712 
2911 



INPUT LEVEL (dBmO) 



Figure 1. Gain Variation (AG) vs. Signal Level 
Reference Level OdBmO 



Figure 2. -Signal/Total Distortion Ratio 
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A.C. CHARACTERISTICS Ta = o^'C to +70^0, Vdd = +i2V ± 5%, Vcc = +5V ± 5%, Vsb - -5V ± s«^, 
GRDA = OV, GRDD = OV, unless otherwise specified. 

TIMING SPECIFICATIONS AND WAVEFORMS^'^ 

CLOCK AND TRANSMIT SECTION 





Parameter 


Limits 


Units 




Symbol 


Min. 


Max. 


Comments 


tCY 


Clock Period 


485 




ns 


CLKx, CLKr (2.048MHz systems), 
CLKc 


tr, tf 


Clock Rise and Fall Time 


5 


30 


ns 


CLKx, CLKr, CLKc 


tCLK 


Clock Pulse Width 


215 




ns 


CLKx, CLKr, CLKc 


tCDC 


Clock Duty Cycle (tcLK -^ tcY) 


45 


55 


% 


CLKx, CLKr 


tVFX 


Analog Input Conversion 


20 




Time Slot 


From Leading Edge of Transmit 
Time Slot 121 


tDZX 


Data Enabled on TS Entry 


50 


180 


ns 


< Cload < lOOpF 


tDHX 


Data Hold Time 


80 


230 


ns 


< Cload > 100pF 


tHZX 


Data Float on TS Exit 


75 


205 


ns 


Cload ^ 


tSON 


Time Slot X to Enable 


30 


220 


ns 


< Cload < lOOpF 


tSOFF 


Time Slot X to Disable 


70 


185 


ns 


Cload = 


tss 


Signal Setup Time 







ns 


Relative to Bit-7 Falling Edge 


tSH 


Signal Hold Time 


100 




ns 


Relative to Bit-8 Falling Edge 


tFSD 


Frame Sync Delay 


15 


100 


ns 


FSx 




^J^ 





XZUCUXZUCIUCZIK 



Jr\ 



Notes- 

1. All timing parameters referenced to 2.0V, except tHZX and tsoFF which reference a high impedance state 

2. The 20 time slot minimum insures that the complete A/D conversion will take place under any combmation of receive interrupt or 
asynchronous operation of the Codec. If the transmit channel only is operated the A/D conversion can be completed inaminimumofH 
time slots. Refer to the Codec Control General Requirement section for instructions on setting a channel in an idle condition. 
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A.C. CHARACTERISTICS Ta = o°c to +70°c, Vdd = +12V ± 5%, Vcc = +5V ± 5%, v^b = -^U ,i;%^ 

GRDA = OV, GRDD = OV, unless otherwise specified- ,,., -, ' l!j'^"v^^«v , 

TIMING SPECIFICATIONS AND WAVEFORMS^'^ 
RECEIVE AND CONTROL SECTIONS 






tVFR 


Analog Output Update 




8 


Time Slot 


From the Leading Edge of the 
Channel Time Slot 


tDSR 


Receive Data Setup 


40 




ns 




tDHR 


Receive Data Hold 


30 




ns 




tSIGR 


SIGr Update 




300 


ns 


From the Trailing Edge of the 
Channel Time Slot 


tFSD 


Frame Sync Delay 


15 


100 


ns 




tDSC 


Control Data Setup 


100 




ns 




tDHC 


Control Data Hold 


100 




ns 





■ 



-^" 






Notes: 

1. All timing parameters referenced to 2.0V, except tHZX and tsoFF which reference a high impedance state. 
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2912 
PCM LINE FILTERS 



Monolithic Device Includes Both 
Transmit and Receive Filters 

CCITT G712 Compatible 
AT&T® D3/D4 Compatible 

50Hz/60Hz Rejection Included 
in the Transmit Filter 

Gain Adjustment in Both Directions 

Direct Interface with Transformer or 
Electronic Telephone Hybrids 



Direct Interface to the Intel® 
2910/2911 PCM Codecs Including 
Stand-By, Power Down Mode 
±5% Power Supplies: +5V, -5V 
Low Power Consumption: 

210mW Typical without Power 

Amplifiers 

280mW Typical with Power Amplifiers 

55mW Typical on Stand-By 
Fabricated with Reliable N-Channel 
MOS Process 



The Intel® 2912 is a fully integrated monolithic device containing the two filters of a PCM line or trunk termination. The 
device is designed to meet the following objectives: 

• To meet the digital Class 5 central office switching systems stringent specification 

• To minimize power dissipation 

• To maximize reliability 

• To provide a low cost alternative to hybrid filters 

The 2912 is directly compatible with the Intel® 2910 (/u Law) and the Intel® 2911 (A Law) PCM Codecs. The primary 
application for the 2912 is in telephone systems, for transmission, switching or remote concentration. 



I 



PIN CONFIGURATION 



BLOCK DIAGRAM 



VFxI^C 


1 ^ 


■"is 


DVFxO 


VFxI-C 


2 


15 


J GRDA 


GSxC 


3 


14 


U CLKO 


vfrO C 


4 


13 


H PDWN 


PWRI C 


5 


12 


U CLK 


PWRO+ C 


6 


11 


U GRDD 


PWRO- C 


7 


10 


J VFrI 


VbbC 


8 


9 


1 Vcc 



PIN NAMES 



VFxl+,VFxl- 


ANALOG INPUTS 


CLK 


CLOCK INPUT 


GSx 


GAIN CONTROL 


CLKO 


CLOCK SELECTION 


VFxO 


ANALOG OUTPUT 


PWDN 


POWER DOWN 


VFrI 


ANALOG INPUT 


Vcc 


POWER (+5V) 


VFrO 


ANALOG OUTPUT 


Vbb 


POWER (-5V) 


PWRI 


DRIVER INPUT 


GRDD 


DIGITAL GROUND 


PWRO+, PWRO- 


DRIVER OUTPUT 


GRDA 


ANALOG GROUND 





>l 








© VFxl*-* 
VFxl--* 




z 
< 


J \ - 


— — »■> 


© GSx- 






f 












©PWRO+-^ 






< 


\ - 


--- 






f 


^ 






*- 








f 


t t t 





O' 



PWRI VFrO Vbb Vcc GRDD GRDA 
®© © © ® © 



-VFrI @ 

PDWN© 

CLK © 

•*— CLKO © 



AT&T Is a registered trademark of American Telephone and Telegraph Corporation. 
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PIN DESCRIPTION 



Pin 

No. Symbol 



Function Description 



1 VFxl^ Input 



■ 



2 VFxl" 



3 GSx 



4 VFrO 



Input 
Output 

Output 



5 PWRI 



Input 



6 PWRO+ Output 



7 PWRO- Output 



8 Vbb 

9 Vcc 



Power 
Power 



Analog input of the transmit 
filter. The VFxl^ signal comes 
from the 2 to 4 wire hybrid in 
the case of a 2 wire line and 
goes through the 50/60Hz 
notch and the antialiasing 
filter before being sent to the 
Codec for encoding. 

Inverting input of the gain ad- 
justment operational amplifier 
on the transmit filter. 

Output of the gain adjustment 
operational amplifier on the 
transmit filter. Used for gain 
setting of the transmit filter. 

Analog output of the receive 
filter. This output provides a 
direct interface to electronic 
hybrids. For a transformer hy- 
brid application, VFrO is tied 
to PRWI and a dual balanced 
output is provided on pins 
PWRO+ and PWRO". 

Input to the power driver 
amplifiers on the receive side 
for interface to transformer 
hybrids. High impedance in- 
put. When tied to Vbb, the 
power amplifiers are powered 
down. 

Non-inverting side of the pow- 
er amplifiers. Power driver 
output capable of directly 
driving transformer hybrids. 

Inverting side of the power 
amplifiers. Power driver out- 
put capable of directly driving 
transformer hybrids. 

-5V ± 5% referenced to 
GRDA 

+5V ± 5% referenced to 
GRDA 



Pin 

No. Symbol 



Function Description 



10 VFrI Input Analog input of the receive 

filter, interface to the Codec 
analog output for PCM appli- 
cations. The receive filter pro- 
vides the ^^ correction 

needed for sample and hold 
type Codec outputs to give 
unity gain. The input voltage 
range is directly compatible 
with the Intel® 2910 and 2911 
Codecs. 

11 GRDD Ground Digital ground return for inter- 

nal clock generator. 

12 CLK'""' Input Clock input. Three clock fre- 

quencies can be used: 
1.536MHz, 1.544MHz or 
2.048MHz; pin 14, CLKO, has 
to be strapped accordingly. 
High impedance input, TTL 
voltage levels. 

13 PDWN Input Control input for the stand-by 

power down mode. An in- 
ternal pull up to +5V is pro- 
vided for interface to the 
Intel® 2910 and 2911 PDWN 
outputs. TTL voltage levels. 

14 CLKo'"'' Input Clock (pin 12, CLK) frequency 

selection. If tied to Vbb, CLK 
should be 1 .536MHz. If tied to 
Ground, CLK should be 1.544 
MHz. If tied to Vcc, CLK 
should be 2.048MHz. 

Analog return common to the 
transmit and receive analog 
circuits. Not connected to 
GRDD internally. 

16 VFxO Output Analog output of the transmit 
filter. The output voltage 
range is directly compatible 
with the Intel® 2910 and 2911 
Codecs. 



15 GRDA Ground 



NOTE: 

1. The three clock frequencies are directly compatible with the Intel® 2910 and 2911 Codecs. The 
following table should be observed in selecting the clock frequency. 



Codec Clock 


Clock Bits/Frame 


2912 CLK, Pin 12 


2912 CLKO, Pin 14 


1.536 MHz 
1.544 MHz 
2.048 MHz 


192 
193 
256 


1.536 MHz 
1.544 MHz 
2.048 MHz 


Vbb (-5V) 
GRDD 

Vcc (+5V) 
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FUNCTIONAL DESCRIPTION 

The 291 2 provides the transmit and receive filters found on 
the termination of a PCM line or trunk. The transmit filter 
performs the anti-aliasing function needed for an 8KHz 
sampling system, and the 50/60Hz rejection. The receive 
filter has a low pass transfer characteristic and also 
provides the Sinx/x correction necessary to interface the 
Intel 2910 (^u Law) and 291 1 (A Law) Codecs which have a 
non-return-to-zero output of the digital to analog 
conversion. Gain adjustment is provided in the receive 
and transmit directions. 



A stand-by, power down mode is included ih the*^1^^^,^ 
can be directly controlled by the 2910/2911 Codecs:' i^i^^i 

The 2912 can interface directly with a transformei' t^ybrid 
(2 to 4 wire conversion) or with electronic hybrids; in t^>e 
latter case the power dissipation is^significantly reduced 
by powering down the output amplifier provided on the 
2912. 



PABX/C.O. SWITCHING SYSTEM / CHANNEL BANK 



yi^ 



TELEPHONE SET 



SUPERVISION 
PROTECTION 



OFF -HOOK /ROTARY DIAL PULSES 



BATTERY 
FEED 



^— ► 



2W/4V 






2912 

FILTERS 



2910 

CODEC 



RING CONTROL 



PCM HIGHWAYS 



TYPICAL LINE TERMINATION 




FILTER OPERATION 

Transmit Filter Input Stage 

The input stage provides gain adjustment in the passband. 
The input operational amplifier has a common mode 
range of ±2.2 volts, a DC offset of less than 25mV, a voltage 
gain greater than 2000 and a unity gain bandwidth of 
2MHz. It can be connected to provide a gain of 20dB 
without degrading the noise performance of the filter. The 



load impedance connected to the amplifier output must be 
greater than lOKO in parallel with 20pF. The input signal 
on lead VFxl"^ can be either AC or DC coupled. The input 
Op Amp can also be used in the inverting mode or 
differential amplifier mode. The remaining portion of the 
transmit filter provides a gain of +3dB in the pass band. 




R2 

GAIN= 1 + — 



TRANSMIT FILTER GAIN ADJUSTMENT 
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Transmit Filter Transfer Characteristics 

The transmit section of the filter provides a passband 
flatness and stopband attenuation which exceeds the 
ATT® D3 and D4 specification and is compatible with the 
CCITT G712 recommendation. The 2912 specification 
meets the digital class 5 central office switching systems 
requirements. The transmit filter transfer characteristics 
and specifications are shown in the diagram below. 



50HZ/60HZ Notch — TrandMt Filter 

The transmit filter has a notch section to reject SDHz^tid 
60Hz components of the input signal. A minimud 
attenuation of 26dB is provided at 60Hz. At 50Hz, the 
minimum attenuation is 20dB. The gain at 200Hz is 
between -.125dB and -1.8dB. (All gain figures are relative 
to the gain at 1kHz). 




+.125dB +.125dB 

300Hz 3000Hz 




+.03dB 
3300Hz 



EXPANDED 
SCALE 



<r 




>y}>>>)))>))))}))))):^ 



. TYPICAL FILTER 
TRANSFER FUNCTION 



I I I I I 



50H2 lOOHz 




FREQUENCY (Hz) 



TRANSMIT FILTER TRANSFER CHARACTERISTICS 



Transmit Filter Output Stage 

The voltage range of the output signal on the VFxO lead is 
±3.2 volts. The DC offset is less than 200mV. It is 
recommended that the VFxO output be capacitively 
coupled to the VFx input of the lntel®2910 and 2911 
Codecs. 
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Receive Filter Transfer Characteristics 

The receive section of the filter provides a passband 
flatness and stopband rejection which exceeds the ATT® 
D3/D4 specification and is compatible with the CCITT 
G712 recommendation when used with a decoder which 
contains a sample/hold amplifier at its output. The filter 
contains the required compensation for the response 

X 



of such decoders. The receive filter tran^ffef cfi#|ibt<^r- 
istics and specifications, including the fl!!^ t^0fk>nse 6f 
the decoder, as shown in the diagram below. ; 



/ I 
/ I 



TYPICAL FILTERl^ I / I 

TRANSFER FUNCTION ~~~- ty \ 

zS^ +''25dB /-^ +.125dB| 



-.5dB 
200Hz 



7-.125dB 
300 Hz 



yyyr 






-i_J_Li 




^TYPICAL FILTER TRANSFER 
function'^! when MULTIPLIED 




EXPANDED 
SCALE 




WHICH IS THE 
OF THE INTEL 2910 AND 291 1 CODECS 



FREQUENCY (Hz) 



NOTES: 

1. TYPICAL TRANSFER FUNCTION OF THE RECEIVE FILTER AS A SEPARATE COMPONENT. 

2. TYPICAL TRANSFER FUNCTION OF THE RECEIVE FILTER DRIVEN BY THE SAMPLE AND 
HOLD OUTPUT OF THE INTEL 2910 AND 2911 CODECS. THE COMBINED FILTER/CODEC 
RESPONSE MEETS THE STATED SPECIFICATIONS. 



RECEIVE FILTER TRANSFER CHARACTERISTICS 



6-31 



2912 



Receive Filter Output 

The VFrO lead is capable of driving high impedance 
electronic hybrids. The gain of the receive section from 
VFrI to VFrO is: 



\ 8000 ] 
I 8000 I 



SIdtt 



which when multiplied by the output response of the Intel 
2910 and 2911 Codecs results in a OdB gain in the 
pass band. The filter gain can be adjusted downward by a 
resistor voltage divider connected as shown. The total 
resistive load Rt on VFrO should not be less than lOkH. 



VFrO 



RECEIVE FILTER OUTPUT GAIN ADJUSTMENT 



■ 



Receive Filter Output Driver Amplifier Stage 

A balanced power amplifier is provided In order to drive 
low-impedance loads in a bridged configuration. The 
receive filter output VFrO is connected through gain 
setting resistors Ri and R2 to the amplifier input PWRI. 
The input voltage range on PWRI is ±3.2 volts and the gain 
is 6dB for a bridged output. With a 20kn load connected 
between PWRO+ and PWRO", the maximum voltage swing 
across the load is ±6.4 volts. With a 6000 load connected 
between PWRO+and PWRO", the maximum voltage swing 
across the load is ±5.0 volts. The series combination of Rs 
and the hybrid transformer must present a minimum A.C. 
load resistance of 6000 to the amplifier in the bridged 
configuration. A typical connection of the output driver 
amplifiers is shown below. These amplifiers can also be 
used with loads connected to ground. 

The power amplifier should be deactivated when not 
utilized to save power. This is accomplished by tying the 
PWRI pin to Vbb. 




Rl, R2 GAIN SETTING RESISTORS 
Rs SERIES LOAD RESISTOR 



TYPICAL CONNECTION OF OUTPUT 
DRIVER AMPLIFIER 



Power Down Mode 

Pin 13, PDWN, provides the power down control. When 
the signal on this lead is brought high, the 2912 goes into a 
standby, power down mode. Power dissipation is reduced 
to 55mW. In the stand-by mode, all outputs go into a high 
impedance state. This features allows multiple 291 2's to 
drive the same analog bus on a time-shared basis. 



When power is restored, the settling time of the 2912 is 
typically 15ms. 

The PDWN interface is directly compatible with the Intel 
2910 and 2911 PDWN outputs. Only one command from 
the common control is then necessary to power down 
both the Codec and the Filters of the line or trunk 
interface. 



6-32 



2912 



APPLICATIONS 
Circuit Interface 
(Example 1) 




TYPICAL LINE INTERFACE USING A 2910 CODEC AND 2912 FILTER AND TRANSFORMER-RESISTOR HYBRID. 



Codec Interface 

The 291 2 PCM Filter is designed to directly interface to the 
2910 and 291 1 Codecs as shown above. The transnriit path 
is completed by connecting the VFxO output of the 291 2 to 
the coupling capacitor of the auto zero circuit associated 
with the 2910 and 2911 codecs. The receive path is 
completed by directly connecting the codec output VFr to 
the receive input ofthe 2912 VFrI. The PWDN input of the 
2912 should be connected to the PWDN output of the 
codec to allow the filter to be put in the power-down 
standby mode under control of the codec. 

Clock Interface 

To assure proper operation, the CLK input of the 2912 
should be connected to the same clock provided to the 
receive bit clock, CLKr of 2910 or 291 1 Codec as shown 
above. The CLKO input of the 2912 should be set to the 
proper voltage depending on the standard clock 
frequency chosen for the codec and filter. See the clock 
selection table in the Pin Description section. 



Transformer Interface (Example 1) 

The diagram above shows a typical interface of the 2912 
Filter to a transformer. This connection can provide 
+8dBm into a 6000 line. The functions of the resistors in 
example 1 are as follows: 

Ri, R2 are gain setting resistors for the transmit filter input 
stage. Transmit gain equals - R2/R1. The transmit filter 
provides an additional S.OdB of gain. 

R3, R4 are attenuation setting resistors for the receive 
filter. Receive gain equals R3/(R3+R4). 

R5 is a resistor which injects the balance network signal 
into the transmit path to perform the 2/4 wire conversion. 

Rl is a 600n load resistor through which the balanced 
driver amplifier stage drives the transformer winding. 
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■ 



Grounding and Decoupling 
Recommendations 

Analog grounding is connected to the GRDA leads. The 
GRDA and GRDDIeadsare not connected insidethe2912. 
An external connection is thus necessary outside the 
Filter to tie all the analog ground lines to the common 
return of the system GRDD. To minimize the injection of 
digital logic noise into the analog signal path the GRDA 
and GRDD external connection should be made as close 
as practical to the system supply ground. 

The GRDA of the 2912 Filter should be tied to the GRDA of 
the 2910 or 2911 Codec as shown above. Likewise, the 
GRDD pins of the Codec and Filter should be connected. 
Analog gain setting or2/4 wire circuits associated with the 
filter should have a ground path to GRDA. 

A 0.05/xF bypassing capacitor from each power supply to 
analog ground GRDA is generally recommended at each 
2912 device. This decoupling may be reduced based on 
actual board design and performance. Sufficient board 
level decoupling must be provided to guarantee that 
power supply transients (including turn on and turn off) 
do not exceed absolute maximum ratings of the device. A 
minimum of 1/uF is recommended once per board for each 
power supply. 







Vcc 








- 


I .05m F 










GRDA 




GRDD 


4r 










z 


Z .05m F 




~ 




Vbb 


FILTER 








1 





Transformer Interface (Example 2) 

The diagram shows an alternative interface of the 2912 
Filter to a transformer. This connection can provide 
+5.75dBm into a 600n line. The functions of the resistors 
in example 2 are as follows: 

Ri = R2. The matching maintains hybrid balance. 

R3 = R4. The gain setting for the transmit filter input stage 
is performed by R2 and R4. Transmit gain equals — R4/R2. 
The transmit filter provides an additional 3.0dB of gain. 

R5 = R7 = 2R6. Each power amplifier drives a load equal to 

R5. 

Rs, R9 are attenuation setting resistors for the receive 

filter. Receive gain equals R9/(R8+R9). 
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ABSOLUTE MAXIMUM RATINGS^ 

Temperature Under Bias -10°Cto+80°C 

Storage Temperature -65° C to +1 50° C 

Supply Voltage with Respect to Vbb • • -0.3V to +14.0V 
All Input and Output Voltages with 

Respect to Vbb -0.3V to +14.0V 

All Output Currents ±50mA 

Power Dissipation 1 Watt 



"COMMENT: ' >,-;,.,;,,>, 

Stresses above those listed under "Absolute /i/faxfrrivm 
Rating" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the de- 
vice at these or at any other condition above those indi- 
cated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect device reliability. 



D.C, AND OPERATING CHARACTERISTICS 

Ta = 0°C to +70° C, Vcc = +5V ± 5%, Vbb = -5V ± 5%, GRDA = OV, GRDD = OV, unless otherwise specified. 



DIGITAL INTERFACE 





Parameter 


Limits 


Unit 




Symbol 


MIn. 


Typ.'^' 


Max. 


Test Conditions 


Ilic 


Input Load Current 
(except PDWN) 






10 


mA 


ViN = V|L MIN to VlH MAX 


Ilio 


Input Load Current, CLKO 






10 


mA 


V|N = Vbb to VlH MAX 


Ilip 


Input Load Current, PDWN 






-100 


mA 


V|N = V|L MIN to VlH MAX 


ViL 


Input Low Voltage (except CLKO) 






0.8 


V 




VlH 


Input High Voltage (except CLKO) 


2.2 






V 




ViLO 


Input Low Voltage, CLKO 


Vbb 




Vbb+O-5 


V 




Viio 


Input Intermediate Voltage, CLKO 


GRDD-0.5 




0.8 


V 




VlHO 


Input High Voltage, CLKO 


Vcc-O-5 




Vcc 


V 




POWER DISSIPATION 




Parameter 


Limits 


Unit 




Symbol 


Min. 


Typl^l 


Max. 


Test Conditions 


Icco 


Vcc Standby Current 




6 


9 


mA 


PDWN = VlH MIN 


Ibbo 


Vbb Standby Current 




5 


8 


mA 


PDWN = VlH MIN 


icci 


Vcc Operating Current, Power 
Amplifiers Inactive 




21 


33 


mA 


PWRI = Vbb 


Ibbi 


Vbb Operating Current, Power 
Amplifiers Inactive 




21 


33 


mA 


PWRI = Vbb 


ICC2 


Vcc Operating Current 




28 


44 


mA 




IbB2 


Vbb operating Current 




28 


44 


mA 





■ 



NOTE: 1. Typical values are for Ta = 25° and nominal power supply values. 
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D.C. AND OPERATING CHARACTERISTICS 

Ta = 0°C to +70°C, Vcc = +5V ± 5%, Vbb = -5V ± 5%, GRDA = OV, GRDD = OV, unless otherwise specified. 



ANALOG INTERFACE, TRANSMIT FILTER INPUT STAGE 



Symbol 


Parameter 


Min. 


TypJ^J 


Max. 


Unit 


Test Conditions 


Ibxi 


Input Leakage Current, VFxl"^, VFxl" 






100 


nA 


-2.2V < ViN < 2.2V 


Rixi 


Input Resistance, VFxl^, VFxl" 


10 






MO 




Vosxi 


Input Offset Voltage, VFxl+, VFxl" 






25 


mV 


-2.2V < ViN < 2.2V 


PSRRi 


Power Supply Rejection, GSx 


45 






dB 




CMRR 


Common Mode Rejection, VFxl^, VFxl" 


45 






dB 


-2.2V < ViN < 2.2V 


AvOL 


DC Open Loop Voltage Gain, GSx 


2000 










fc 


Open Loop Unity Gain Bandwidth, GSx 




2 




MHz 




VOXI 


Output Voltage Swing, GSx 






±2.5 


V 


RL>10kn 


Clxi 


Load Capacitance, GSx 






20 


PF 




Rlxi 


Minimum Load Resistance, GSx 


10 






kn 


Minimum Rl 



■ 



ANALOG INTERFACE, TRANSIVIIT FILTER 



Symbol 


Parameter 


Min. 


Typ.f^^ 


Max. 


Unit 


Test Conditions 


Rox 


Output Resistance, VFxO 






400 


n 




Vosx 


Output DC Offset, VFxO 






200 


mV 


VFxl+ Connected to GRDA, 
Input Op Amp at Unity Gain 


PSRR2 


Power Supply Rejection of Vcc at 
1kHz, VFxO 


30 


35 




dB 




PSRR3 


Power Supply Rejection of Vbb at 
1kHz, VFxO 


25 


30 




dB 




Clx 


Load Capacitance, VFxO 






20 


pF 




Rlx 


Minimum Load Resistance, VFxO 


10 






kn 


Minimum Rl 


Vox 


Output Voltage Swing, 1kHz, VFxO 






±3.2 


V 


RL>10kn or with 2910 or 2911 



ANALOG INTERFACE, RECEIVE FILTER 



Symbol 


Parameter 


Min. 


TypJ^i 


Max. 


Unit 


Test Conditions 


Ibr 


Input Leakage Current, VFrI 






1 


mA 


-3.2V < ViN < 3.2V 


RlR 


Input Resistance, VFrI 


1 






Mn 




ROR 


Output Resistance, VFrO 






100 


n 




VOSR 


Output DC Offset. VFrO 






200 


mV 


VFrI Connected to GRDA 


PSRR4 


Power Supply Rejection of Vcc at 
1kHz, VFrO 


30 


35 




dB 




PSRR5 


Power Supply Rejection of Vbb at 
1kHz, VFrO 


25 


30 




dB 




Clr 


Load Capacitance, VFrO 






20 


pF 




Rlr 


Minimum Load Resistance, VFrO 


10 






kn 


Minimum Rl 


VOR 


Output Voltage Swing, VFrO 






±3.2 


V 


RL = 10kn 



NOTE: 

1. Typical values for Ta = 25" C and nominal power supply values. 
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D.C. AND OPERATING CHARACTERISTICS 

Ta = 0°C to +70° C, Vcc = +5V ± 5%, Vbb = -5V ± 5%, GRDA - OV, GRDD = OV, unless otherwise specified. 
ANALOG INTERFACE, RECEIVE FILTER DRIVER AMPLIFIER STAGE 



Symbol 


Parameter 


Min. 


TypJ^l 


Max. 


Unit 


Test Conditions 


Ibra 


Input Leakage Current, PWRI 






3 


mA 


-3.2V < ViN < 3.2V 


RiRA 


Input Resistance, PWRI 


10 






Mn 




RORA 


Output Resistance, PWRO+, PWRO" 




1 




n 


IIoutI <10mA 
-3.0V < VoUT < 3.0V 


VOSRA 


Output DC Offset, PWRO+, PWRO" 






75 


mV 


PWRI Connected to GRDA 


Clra 


Load Capacitance, PWRO+, PWRO" 






100 


pF 






Output Voltage Swing Across Rl, 

PWRO+, PWRO- Single Ended 
Connection 






±3.2 


V 


RL = 10kn 


Rl Connected 
to GRDA 


V0RAI 






±2.9 


V 


Rl = 600n 








±2.5 


V 


Rl = 300kn 






Output Voltage Swing, PWRO+, PWRO- 
Balanced Output Connection 






±6.4 


V 


Rl = 20kn 


Rl Connected 


V0RA2 






±5.8 


V 


Rl- 12000 


Between PWRO+ 








±5.0 


V 


Rl = 600n 


and PWRO- 



A.C. CHARACTERISTICS 

Ta = 0°C to +70° C, Vcc = +5V ± 5%, Vbb = -5V ± 5%, GRDA = OV, GRDD - OV, unless otherwise specified. 
Clock Input Frequency: CLK = 1.536MHz ± 0.1%, CLKO - Vilo (Tied to Vbb) 

CLK - 1.544MHz ± 0.1%, CLKO - Vno (Tied to GRDD) 

CLK = 2.048MHz ± 0.1%, CLKO = Viho (Tied to Vcc) 
TRANSMIT FILTER TRANSFER CHARACTERISTICS fo^gJlpUr'^ ^'^^^' ^'^''^^^' Characteristics description section 



Q 



Symbol 


Parameter 


Min. 


TypJ^l 


Max. 


Units 


Test Conditions 


Grx 


Gain Relative to Gain at 1kHz 










OdBmO Input Signal 




Below 50Hz 






-10 


dB 


Gain Setting Op Amp at 




50Hz 






-20 


dB 


Unity Gain 




60Hz 






-26 


dB 






200Hz 


-1.8 




-0.125 


dB 


OdBmO Signal = 1.1 Vrms 




300Hz to 3000Hz 


-0.125 




0.125 


dB 


Input at VFxI- 




3300Hz 


-0.65 




0.03 


dB 






3400Hz 


-1.4 




-0.1 


dB 


OdBmO Signal = 1.6 Vrms 




4000Hz 






-14 


dB 


Output at VFxO 




4600Hz and Above 






-32 


dB 




Gax 


Absolute Passband Gain at 1kHz, VFxO 


2.9 


3.0 


3.1 


dB 




Gaxt 


Gain Variation with Temperature 
at 1kHz 




.0005 




dB/°C 


OdBmO Signal Level 


Gaxs 


Gain Variation with Supplies at 1kHz 




.05 




dB/V 


OdBmO Signal Level, 
Supplies ±5% 


CTrt 


Cross Talk, Receive to Transmit, 
Measured at VFxO 






-60 


dB 


VFrI - 1.6 Vrms, 1kHz Input 
VFxl+, VFxl- Connected 
to GSx, GSx Connected through 
lOknto GRDA 


Ncxi 


Total C Message Noise at Output, VFxO 




9 


12 


dBrncO 

[2] 


Gain Setting Op Amp at 
Unity Gain 


NCX2 


Total C Message Noise at Output, VFxO 




10 


13 


dBrncO 

[2] 


Gain Setting Op Amp at 
20dB Gain 


Ddx 


Differential Envelope Delay, VFxO 
1kHz to 2.6kHz 






80 


fJLS 




Dax 


Absolute Delay at 1kHz, VFxO 






130 


lis 




DPxi 


Single Frequency Distortion Products 






-48 


dB 


OdBm Input Signal at 1kHz 


DPX2 


Single Frequency Distortion Products 
at Maximum Signal Level of 
+3dBmO at VFxO 






-45 


dB 


0.16 Vrms 1kHz Input Signal at 
VFxT , Gain Setting Op Amp at 
20dB Gain. The +3dBmO signal 
at VFxO is 2.24 Vrms. 



See next page for NOTES. 



6-37 



2912 



A.C. CHARACTERISTICS 

Ta == 0°C to +70° C, Vcc = +5V ± 5%, Vbb = -5V ± 5%, GRDA = OV, GRDD = OV, unless otherwise Specified. 

Clock Input Frequency: CLK = 1.536MHz ± 0.1%, CLKO = Vilo (Tied to Vbb) 

CLK = 1.544MHz ± 0.1%, CLKO = Vno (Tied to GRDD) 
CLK = 2.048MHz ± 0.1%, CLKO = Viho (Tied to Vcc) 






RECEIVE FILTER TRANSFER CHARACTERISTICS 



(See Receive Filter Transfer Characteristics description section 
for graph) 



■ 



Symbol 


Parameter 


Min. 


Typi^i 


Max. 


Units 


Test Conditions 


Grr 


Gain Relative to Gain at llcHz with 
Sinx/x Correction of 2910 or 2911 










OdBmO Input Signal 




Below 200Hz 






0.125 


dB 


OdBmO Signal = 1.6 Vrms x 




200Hz 


-0.5 




0.125 


dB 


/Qin ^ 1 ^ \ 




300Hz to 3000Hz 


-0.125 




0.125 


dB 


\ 27r(8000)/ 27r(8000)y 




3300Hz 


-0.65 




0.03 


dB 


Input at VFr I 




3400Hz 


-1.4 




-0.1 


dB 




4000Hz 






-14 


dB 






4600Hz and Above 






-30 


dB 


OdBmO Signal = 1.6 Vrms 


Gar 


Absolute Passband Gain at 1kHz, VFrO 


-0.1 





+0.1 


dB 


Output at VFrO 


Gart 


Gain Variation with Temperature 
at 1kHz 




.0005 


dB/°C 


dB/°C 


OdBmO Signal Level 


Gars 


Gain Variation with Supplies at 1kHz 




.05 




dB/V 


OdBmO Signal Level, Supplies 

±5% 


CTtr 


Cross Talk, Transmit to Receive, 
Measured at VFrO 






-60 


dB 


VFxO = 2.2 Vrms, 1 kHz Output. 
VFr! Connected to GRDA. 


NCR 


Total C Message Noise at Output, VFrO 




9 


12 


dBrncOVFRO Output or PWRO+ and 
[2! PWRO- Connected with Unity 
Gain 


Ddr 


Differential Envelope Delay, VFrO, 
1kHz to 2.6kHz 






100 


MS 




Dar 


Absolute Delay at 1kHz, VFrO 






130 


MS 




DPri 


Single Frequency Distortion Products 






-48 


dB 


OdBm Input Signal at 1kHz 


DPr2 


Single Frequency Distortion Products 
at Maximum Signal Level of 
+3dBmO at VFrO 






-45 


dB 


+3dBmO Signal Level of 

2.24 Vrms, 1kHz Input at VFrO 



NOTES: 

1. Typical values are for Ta = 25° C and nominal power supply values. 

2. A noise measurement of ISdBrnc into a 6000 load at the 2912 device is equivalent to 12dBrncO. 
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4040 

SINGLE CHIP 4-BIT 
P-CHANNEL MICROPROCESSOR 



Functionally and Electrically 
Upward Compatible to 4004 CPU 

14 Additional Instructions 
(60 total) Including Logical 
Operations and Read Program 
Memory 

Interrupt Capability 

Single Step Operation 



■ 8K Byte Memory Addressing 
Capability 

■ 24 Index Registers 

■ Subroutine Nesting to 7 Levels 

■ Standard Operating 
Temperature Range of 
O^to 70^ C 

■ Also Available With -40'' 
to +85'' C Operating Range 



The Intel® 4040 is a complete 4-bit parallel central processing unit (CPU). The CPU can directly address 4K eight bit instruction 
words or 8K with a bank switch. Seven levels of subroutine nesting, including interrupt, and 24 randomly accessable index 
registers (24x4) are provided as convenient facilities for the designer. The index registers may be used for addressing or for 
scratch pad memory for storing computation results. The interrupt feature permits a normal program sequence to be 
interrupted, with normal program execution continuing after the interrupt service routine is completed. Provisions have also 
been made to permit single-stepping the CPU using the STOP and ACKNOWLEDGE signals. 

The 4040 is an enhanced version of the 4004 and as such retains all the functional capability of that device. It will execute all the 
4004 instructions, and is also electrically compatible with all components used with a 4004 CPU. 

BLOCK DIAGRAM 

D„-Do BI-DIRECTIONAL 





TEST 
CM RAM 

0-3 INTERRUPT 

INTACK 
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4004 
SINGLE CHIP 4-BIT 
P-CHANNEL MICROPROCESSOR 



■ CPU Directly Compatible 
With MCS-40 ROMs and 
RAMs 

■ Easy Expansion — One CPU 
can Directly Drive up to 
32,768 Bits of ROM and up 
to 5120 Bits of RAM 

■ Standard Operating 
Temperature Range of 
0° to 70° C 

■ Also Available With -40° 
to +85° C Operating Range 

The Intel® 4004 is a complete 4-bit parallel central processing unit (CPU).The4004easily interfaces with keyboards, 
switches, displays, A-D converters, printers and other peripheral equipment. 

The CPU can directly address 4K 8-bit instruction words of program memory and 5120 bits of data storage RAM. Sixteen 
index registers are provided for temporary data storage. Up to 16 4-blt Input ports and 16 4-bit output ports may also be 
directly addressed. 

The 4004 is fabricated with P-channel silicon gate MOS technology. 



m 4-Bit Parallel CPU With 46 
Instructions 

■ Instruction Set Includes 
Conditional Branching, 
Jump to Subroutine and 
indirect Fetching 

■ Binary and Decimal 
Arithmetic Modes 

■ 10.8 Microsecond 
Instruction Cycle 



(4 BIT) 
INTERNAL DATA BUS 



D0-D3 BI-DIRECTIONAL 
yv DATA BUS 

I DATA BUS i 
BUFFER 1 "* 



(4 BIT) 
INTERNAL DATA B 



TV 




POWER 
SUPPLIES " 



-10V 






+5V 


ROM 


RAM 




CONTROL 


CONTROL 



CM RAM 
0-3 



12. 



INSTRUCTION 
REGISTER (8) 



INSTRUCTION 
DECODER 

AND 
MACHINE 

CYCLE 
ENCODING 



' ^ ADDRESS 

STACK 



iz. 



TIMING 

AND 

CONTROL 



SYNC CLOCKS 



II 



SYNC 01 02 RESET 



STACK 
MULTIPLEXER 



PROGRAM COUNTER 



LEVEL NO. 1 



LEVEL NO. 2 



IZ. 



REGISTER! 
MPX I 



SCRATCH 
PAD 
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4003 
10-BIT SHIFT REGISTER/OUTPUT EXPANDER 



10 Bit Serial-ln/Parallel Out 

Serial-Out Capability for 
Additional I/O Expansion 

16 Pin Dual-ln-Line Package 



■ Easy Expansion of I/O Output 
Capability 

■ Enable Output Control 

■ Standard Operating Temperature 
Range of 0° to 70° C 



The 4003 is a 1 bit serial-in, parallel-out, serial-out shift register with enable logic. The 4003 is used to expand the number of 
ROM and RAM I/O ports to communicate with peripheral devices such as keyboards, printers, displays, readers, 
teletypewriters, etc. 

The 4003 is a single phase static shift register; however, the clock pulse (OP) maximum width is limited to 10 msec. Data-in and 
OP can be simultaneous. To avoid race conditions, CP is internally delayed. 



PIN CONFIGURATION 



BLOCK DIAGRAM 




PARALLEL 
OUTPUTS' 



PARALLEL 
OUTPUTS 



POWER 
ON CLEAR 



^ 



lllllllil 



BINARY 
COUNTER 



rO 



i I ' i M i 1 1 

1 10 BIT SHIFT register! i 
1 (STATIC CELL) 1 1 , 

1 ! 1 ! i 1 1 ! 1 
















\ • 








1 1 ! 1 1 1 ; I ; 

1 10 BIT PARALLEL 1 

1 OUTPUT BUFFER , 1 

1 ; 1 i 1 1 1 



SERIAL 
OUT 



Qo Qi Q, Q3 Q4 Q5 Qg Q7 Qs Q9 



7-5 



Intel 



4265 



PROGRAMMABLE GENERAL PURPOSE I/O DEVICE 



Multi-Mode 14 Operating Modes 

16 Lines of I/O Capability 

Bit Set/Reset 

Multiplexable Outputs 

Eight Bit Transfer Mode 

Interfaces to 8080 Peripherals 

Synchronous and Asynchronous 
Interface 

Strobed Buffer Inputs and Outputs 



TTL Interface 

Up to Eight 4265s Per System 

Interface to Standard RAMs 

28 Pin Dual-ln-Line Package 

Interface to Standard RAMs 

28 Pin Dual-ln-Line Paclcage 

Standard Operating Temperature 
Range of 0° to 70° C 

Also Available with -40° to 
+85° C Operating Range 



The 4265 is a general purpose I/O device designed to interface with the MCS-40^" microcomputer family. This device provides 
four software programmable 4-bit I/O ports which can be configured to allow any one of fourteen unique operating modes for 
I interfacing to data memory or a variety of user peripheral devices. 

I A single MCS-40 system can accomodate up to four 4265s (one per CM-RAM) without external logic or up to eight 4265s with 
lone external decoder. 

The 4265 resides on the MCS-40 data bus and uses the same selection procedure as 4002 RAM device. A valid compare selects 
the 4265 for MCS-40 I/O commands. As in the case of the 4002 or any MCS-40 peripheral circuit, selection occurs only when the 
proper SRC code and the CM signal are present simultaneously. 

The 4265 provides an extremely flexible, general purpose I/O system capable of handling 4- or 8-bit input or output data. One of 
fourteen basic operating modes can be selected (software programmable) as described below. 

Port Z is TTL compatible with any TTL device. Ports W, X, and Y are low-power TTL compatible. 
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4269 



PROGRAMMABLE KEYBOARD DISPLAY DEVICE 



Keyboard Features: 

■ Programmable to Interface to Encoded 
Keyboard (8-bit code), 64-Key Scanned 
Keyboard (expandable to 128 keys) or 
Sensor Matrix (64 sensors) 

■ 8 Character FIFO Character Buffer (or 
RAM in Sensor Mode) 

■ 2 Key Rollover and Key Debounce 

■ External Interrupt Line to Indicate 
When a Character Has Been Entered in 
Character Buffer 



Display Features: 

■ Programmable to Interface to 
Individually Scanned Displays or 
Burrough's Self-Scan* Drive (16, 18, or 
20 Characters) 

■ Two 16x4 Display Registers 
Recirculated Synchronously with 
Keyboard Scan Lines to Give Automatic 
Display Refresh 

■ Display Registers Loadable and 
Readable Selectively or Sequentially 

■ 40 Pin Dual In-Line Package 

■ Standard Operating Temperature 
Range of 0° to 70° C 

■ Also Available with -40° C to +85° C 
Operating Range 

The 4269 has two separate and distinct sections: the keyboard section and the display section. The keyboard section can 
interface to a range of devices from a matrix of toggle or thumb switches such as found on an instrument panel up to a full 
typewriter style keyboard. The display section can interface to a range of devices from an array of individual LED indicators up 
to a gas discharge alphanumeric display. 

The 4269 Programmable Keyboard Display (PKD) relieves the 4004 or 4040 CPU from continuously scanning a switch array or 
refreshing a display under software control. This greatly expands the CPU throughput. The 4269 can scan up to an 8 x 8 
keyboard or sensor matrix (or a 2 x 8 x 8 keyboard with the use of the shift or control key input). The display portion can 
continuously refresh either a single 16x8 alphanumeric display; a single 8 x8alphanumeric display; a dual 16x4digit display; a 
single 32 X 4 digit display; a 16 x 6, 18 x 6 or 20 x 6 alphanumeric gas discharge display such as the Burroughs Self-Scan*; or an 
array of 128 indicators. 

*Self-Scan is a registered trademark of the Burroughs Corporation 

PIN CONFIGURATION 
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4201A 
CLOCK GENERATOR 



Complete Clock Requirements for 
MCS-40'^ Systems 

Crystal Controlled Oscillator 
(XTAL External) 

MOS and TTL Level Clock Outputs 



Provides MCS-40 Reset Function 
Signal 

Standard Operating Temperature Range 
of 0° to 70° C 

Also Available with -40° to +85° C 
Operating Range 



The 4201 A is a CMOS integrated circuit designed to fill the clock requirements of the MCS-40 microcomputer family. The 
4201A contains a crystal controlled oscillator (XTAL external), clock generation circuitry, and both MOS and TTL level 
clock driver circuits. 

The 4201 A also performs the power on reset function required by MCS-40componentsand provides the logic necessary to 
implement the single-step function of the 4040 central processor unit. 



PIN CONFIGURATION 
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4289 
STANDARD MEMORY INTERFACE 



Direct Interface to all Standard 
Memories 

Allows Read and Write Program 
Memory 

Single Package Equivalent of 
4008/4009 

TTL Compatible Address, Chip 
Select, Program Memory Data 
Lines 



■ 40 Pin Dual In-Line Package 

■ Standard Operating 
Temperature Range of 
0° to 70° C 

■ Also Available With 
-40° to +85° C Operating 
Range 



The 4289 standard memory interface and I/O interface enables the CPU devices to utilize standard memory components as 
program data memory. Notably, PROMs (4702A), RAMs (2102) and ROMs can be arranged in a memory array to facilitate 
system development. Programs generated using the 4289 interface can be committed to MCS-40'** ROMs (4308 and 4001) with 
no change to software. 

The 4289 also contains a 4 bit bi-directional I/O port and necessary steering logic to multiplex a host of I/O sources to the CPU. i 
The Read and Write Program Memory instruction allows the user to store data and modify program memory. The device directly I 
addresses 4K of program memory. The address is obtained sequentially during Ai-As states of an instruction cycle. The eight I 
bit instruction is presented to the CPU during Mi and M2 states of the instruction cycle via the four bit data bus. I 

The 4289 stores the SRC instruction operand as an I/O address and responds to the ROM I/O instructions (WRR and RDR) by 
reading or writing data to and from the processor and 4289 I/O bus. 
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4002 
320-BIT RAM AND 4-BIT OUTPUT PORT 



Four Registers of 20 4 Bit 
Characters 

Direct Interface to l\/ICS-40'^ 
4 Bit Bus 

Output Port Low-Power TTL 
Compatible 



■ 16 Pin Dual In-Line Paclcage 

■ Standard Operating 
Temperature Range of 
0° to 70° C 

■ Also Available With -40° 
to +85° C Operating Range 



The 4002 performs two distinct functions. As a RAM it stores 320 bits arranged in 4 registers of twenty 4 bit characters each (16 
main memory characters and 4 status characters). As a vehicle of communication with peripheral devices, it is provided with 4 
output lines and associated control logic to perform output operations. The 4002 is a PMOS device and is compatible with all 
MCS-40^" components. 

The 4002 is available in two options, the 4002-1 and 4002-2. Along with an external pin connected to either Vqd or Vss. a two bit 
chip selection address is provided allowing a maximum of 1280bitsof 4002 RAM on a single MCS-40 CM-RAM line. Thus, the 
four CM-RAM lines give a maximum of 5120 bits of 4002 RAM in an MCS-40 system. 



PIN CONFIGURATION 
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4001 

256 X 8 MASK PROGRAMMABLE ROM 
AND 4-BIT I/O PORT 



■ Direct Interface to MCS-40^^ 
4 Bit Data Bus 

■ I/O Port Low-Power TTL 
Compatible 

■ 16 Pin Dual In-Line Package 



Standard Operating 
Temperature Range of 
0° to 70° C 

Also Available With -40° to 
+85° Operating Range 



The 4001 performs two basic and distinct functions. As a ROM it stores 256 x 8 words of program or data tables; as a vehicle of 
communication with peripheral devices it is provided with 4 I/O pins and associated control logic to perform input and output 
operations. The 4001 is a PMOS device, compatible with all other MCS-40'''" devices. 
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MCS® 

CUSTOM ROM 
ORDER FORM 



4001 
ROM 



niK^TOMFR 


PO NUMRFR 


DATF 




STn 


For Intel use only 
PPPP 

77 


nn 


APR 


nATF 



All custom 4001 ROM orders must be submitted on this form. Programming information should be sent in the form of computer 
punched cards or punched paper tape per the formats designated on this order form. Additional forms are available from Intel. 



I MARKING 

The marking as shown at the right must contain the Intel logo, the 
product type (P4001), the 4-digit Intel pattern number (PPPP), a date 
' code (XXXX), and the 2-digit chip number (DD). An optional customer 
identification number may be substituted for the chip number (ZZ). 
Optional Customer Number (maximum 6 characters or spaces). 

CUSTOMER NUMBER 




INTEL PATTERN NUMBER 



DATE CODE 



UMBER OR 
CUSTOMER NUMBER 



MASK OPTION SPECIFICATIONS 



A. CHIP NUMBER 

(Must be specified— any number from 
through 15-DD). 

B. I/O OPTION - Specify the connec- 
tion numbers for each I/O pin (next 
page). Examples of some of the pos- 
sible I/O options are shown below; 

EXAMPLES - DESIRED OPTION/CON- 
NECTIONS REQUIRED 

1. Non-inverting output — 1 and 3 are 
connected. 

2. Inverting output - 1 and 4 are con- 
nected. 

3. Non-inverting input (no input resis- 
tor) — only 5 is connected. 

4. Inverting input (input resistor to Vss) 
— 2, 6, 7, and 9 are connected. 

5. Non-inverting input (input resistor to 
VdD> - 2, 7, 8, and 10 are con- 
nected. 



If inputs and outputs are mixed on 
the same port, the pins used as the 
outputs must have the internal re- 
sistor connected to either Vpo oi" 
Vss <8 and 9 or 8 and 10 must be 
connected). This is necessary for test- 
ing purposes. For example, if there 
are two inverting inputs (with no in- 
put resistor) and two non-inverting 
outputs, the connection would be 
made as follows: 

Inputs — 2 and 6 are connected 
Outputs - 1, 3, 8, and 9 are con- 
nected or 
1, 3, 8, and 10 are connected 

If the pins on a port are all inputs or 
all outputs, the internal resistors do 
not have to be connected. 



C. 4001 CUSTOM ROM PATTERN - 
Programming information should be 
sent in the form of computer punched 



cards or punched paper tape, in either 
case, a printout of the truth table 
must accompany the order. In the 
BPNF format, the characters should 
be written as a "P" for a high level 
output = Vss (negative logic "0") or 
an "N" for a low level output = N/qd 
(negative logic "\"). 

Hex input tapes for the 4001 and 
4308 may also be generated by 
Intellec® Development Systems. 
These tapes are assumed to be negative 
logic. This means that a NOP instruc- 
tion operation code (00000000), for 
example, would be coded as 00 in the 
HEX format. This would automati- 
cally result in the V|h levels on the 
MCS 4/40 data bus. When the BPNF 
format is used, all logic representa- 
tions must be inverted. Thus, a NOP 
would be represented as BPPPPPPPPF. 
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4308 
1024 X 8 MASK PROGRAMMABLE ROM 
AND FOUR 4-BIT I/O PORTS 



■ Direct Interface to MCS-40'^ 
4-Bit Data Bus 

■ Equivalent to Four 4001 ROMs 

■ Four Independent 4-Bit I/O 
Ports 

■ Input I/O Buffer Storage with 
an Optional Strobe 



The 4308 is a 1024 x 8 bit word ROM memory with four I/O 
compatible with all existing MCS-40 elements. The 4308 is 
arranged in four groups of four lines. 



■ I/O Ports Low-Power TTL 
Compatible 

■ 28 Pin Dual In-Line Package 

■ Standard Operating 
Temperature Range of 
0° to 70^0 

■ Also Available With -40"^ 
to +85'' Operating Range 

ports. It is designed for the MCS-40^" system and is operationally 
functionally identical to four 4001 chips. The 4308 has 16 I/O lines 
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PIN CONFIGURATION 
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CUSTOM ROM 
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All custom 4308 ROM orders must be submitted on this form. Programming information should be sent in the form of computer 
punched cards or punched paper tape per the formats designated on this order form. Additional forms are available from Intel. 




MARKING 

The marking as shown at the right must contain the Intel logo, 
the product type (P4308), the 4-digit Intel pattern number 
(PPPP), a date code (XXXX), and the 2-digit chip number 
(DD), An optional customer identification number may be 
substituted for the chip number (ZZ). Optional Customer 
Number (maximum 6 characters or spaces). 

CUSTOMER NUMBER 




INTEL PATTERN NUMBER 



DATE CODE 



CHIP NUMBER OR 
CUSTOMER NUMBER 



MASK OPTION SPECIFICATION 

A. CHIP NUMBER (Must be specified). 

B. I/O OPTION — Specify the connection numbers for each 
I/O pin. See table below. 

C. 4308 CUSTOM ROM PATTERN - Programming informa- 
tion should be sent in the form of computer punched cards 
or punched paper tape. In either case, a printout of the truth 
table must accompany the order. In the BPNF format, the 
characters should be written as a "P" for a high level output 
- Vss (negative logic "0") or an "N" for a low level output 
= VpQ (negative logic "1"). 



Hex input tapes for the 4001 and 4308 may also be gen- 
erated by Intellec® Development Systems. These tapes 
are assumed to be negative logic. This means that a NOP 
instruction operation code (00000000), for example, would 
be coded as 00 in the HEX format. This would automati- 
cally result in the V|h levels on the MCS4/40 data bus. 
When the BPNF format is used, all logic representations 
must be inverted. Thus, a NOP would be represented as 
BPPPPPPPPF. 
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MCS-48™ 
Microcomputers 8 



MCS-48TM MICROCOMPUTERS 



TABLE OF CONTENTS 

Single Component 8-Bit IVIicrocomputers 

8021 Single Component 8-Bit Microcomputer 8-4 

8022 Single Component 8-Bit Microcomputer with A/D . 8-10 

8048/8648/8748/8035 Single Component 8-Bit Microcomputer 8-22 

8049/8039/8039-6 Single Component 8-Bit Microcomputer 8-31 

Input/Output 

8243 MCS-48"^'^ Input/Output Expander 8-36 



INTRODUCTION 

Recent advances in NMOS technology have allowed Intel for the first time to place enough capability on a single 
silicon die to create a true single chip microcomputer containing all the functions required in a digital processing 
system. This microcomputer, its variations, and its optional peripherals are collectively called the MCS-48 microcom- 
puter family and are fully described in this manual. 

The head of the family is the 8048 microcomputer which contains the following functions in a single 40-pin package: 

8-Bit CPU 

1Kx8 ROM program memory 

64x8 RAM data memory 

27 I/O lines 

8-bit timer/event counter 

A 2.5 or 5.0 microsecond cycle time and a repertoire of over 90 instructions each consisting of either one or two cycles 
makes the single chip 8048 the equal in performance of most presently available multi-chip NMOS microprocessors, 
yet the 8048 is a true "low-cost" microcomputer. A single 5V supply requirement for all MCS-48 components assures 
that "low cost" also applies to the power supply in your system. 

Even with low component costs, however, a project may be jeopardized by high development and rework costs 
resulting from an inflexible production design. Intel has solved this problem by creating two pin-compatible versions 
of the 8048 microcomputer: the 8048 with mask programmable ROM program memory for low cost production and the 
8748 with user programmable and erasable EPROM program memory for prototype development. The 8478 is essen- 
tially a single chip microcomputer "breadboard" which can be modified over and over again during development and 
pre-production, then simply replaced by the low cost 8048 ROM for volume production. The 8748 provides a very easy 
transition from development to production and also provides an easy vehicle for temporary field updates while new 
ROMs are being made. 



8-2 



To allow the MCS-48 to solve a wide range of problems and to provide for future expansion, all 8048 functions have 
been made externally expandable using either special expanders or standard memories and peripherals. An efficient 
low cost means of I/O expansion is provided by the 8243 Input/Output Expander which provides 16 I/O lines in a 24-pin 
package. For systems with large I/O requirements, multiple 8243s can be used. 

For such applications as keyboards, displays, serial communication lines, etc., standard MCS-80^'^ (8080) and 
MCS-85^'^ (8085) peripheral circuits may be added. Program and data memory may be expanded using standard 
memories or the 8355 and 8155 memories that also include programmable I/O lines and timing functions. 

The 8035 is an 8048 without internal program memory that allows the user to match his program memory requirements 
exactly by using a wide variety of external memories. The 8035 allows the user to select a minimum cost system no 
matter what his program memory requirements. 

The 8048 was designed to be an efficient control processor as well as an arithmetic processor with an instruction set 
which allows the user to directly set and reset individual lines within its I/O ports as well as test individual bits within 
the accumulator. A large variety of branch and table look-up instructions make the 8048 very efficient in implementing 
standard logic functions. Special attention was also given to code efficiency with over 70% of the instructions being 
single byte and all others being only two bytes. This means many functions requiring 1.5K to 2. OK bytes in other 
processors may very well be compressed into the IK words resident in the 8048. 




8 BIT CPU 
1K WORDS OF PROGRAM MEMORY 
64 WORDS OF DATA MEMORY 
27 I/O LINES 
INTERVAL TIMER/EVENT COUNTER 
OSCILLATOR AND CLOCK DRIVER 
RESET CIRCUIT 

INTERRUPT CIRCUIT 



Figure 1. On Chip Features 



SPECIAL FEATURES 



■ Single 5V Supply 

■ 40-Pin DIP 

■ Pin Compatible ROM and EPROM 

■ 2.5 and 5.0 f>(sec Cycle Versions 

■ All Instructions 1 or 2 Cycles 

■ Single Step 



8-Level Stack 

2 Working Register Banks 

RC, XTAL, or External Frequency 
Source 

Clock per Cycle and Optional Clock 
per State Output 
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8021 



SINGLE COMPONENT 8-BIT MICROCOMPUTER 



8-Bit CPU, ROM, RAM, I/O in Single 
28-Pin Package 

Single 5V Supply ( + 4.5V to 6,5V) 

8,38 Msec Cycle With 3.58 MHz XTAL; 
All Instructions 1 or 2 Cycles 

Instructions —8748 Subset 

High Current Drive Capability— 2 Pins 



■ 1K X 8 ROM 
64 X 8 RAM 
21 I/O Lines 

■ Interval Timer/Event Counter 

■ Clock Generated With Single Resistor 
or Inductor 

■ Zero-Cross Detection Capability 

■ Easily Expandable I/O 



The Intel® 8021 is a totally self-sufficient 8-bit parallel computer fabricated on a single silicon chip using Intel's N-channel 
silicon gate MOS process. The features of the 8021 include a subset of the 8048 optimized for low cost, high volume appli- 
cations, plus additional I/O flexibility and power. 

The 8021 contains a 1 K X 8 program memory, a 64 X 8 data memory, 21 I/O lines, and an 8-bit timer/event counter, in addi- 
tion to on-board oscillator and clock circuits. For systems that require extra I/O capability, the 8021 can be expanded using 
the 8243 or discrete logic. 

This microprocessor is designed to be an efficient controller as well as an arithmetic processor. The 8021 has bit handling 
capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory results from an instruc- 
tion set consisting mostly of single byte instructions and no instructions over two bytes in length. 

To minimize development problems and maximize flexibility, an 8021 system can be easily designed using the 8021 emula- 
tion board, EMB-21. The EI\/IB-21 contains a 40-pin socket which can accommodate either the 8748 shipped with the board 
or an ICE-48 plug. Also, the necessary discrete logic to reproduce the 8021 's additional I/O features is included. 
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ABSOLUTE MAXIMUM RATINGS'^ 

Ambient Temperature Under Bias 0°C to 70°C 

Storage Temperature -65°C to +150°C 

Voltage on Any Pin with 

Respect to Ground -0.5V to +7V 

Power Dissipation 1 W 



*COMMENT: Stresses above those listed under "Ab?,ofu>te M^5k]-;,«;"| 
mum Ratings" may cause permanent damage to the device, tHIs ,is a t^^^^I^Jf 
stress rating only and functional operation of the device at thesigoi;,,., ^ ^ 
any other conditions above those indicated in the operational $^c?., v, 
tions of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device 
reliability. 



D.C. AND OPERATING CHARACTERISTICS 

Ta = 0°C to 70°C, Vcc=5.5V±1V, Vss = OV 





Parameter 


Limits 


Unit 




Symbol 


Min. 


Typ. 


Max. 


Test Conditions 


V|L 


Input Low Voltage (All except XTAL1, XTAL2) 


-0.5 




0.8 


V 




VlH 


Input High Voltage (All except XTAL1, XTAL2) 


2.0 




Vcc 


V 


Vcc = 5.0V ±10% 


V|Hi 


Input High Voltage (All except XTAL1, XTAL2) 


3.0 




Vcc 


V 


Vcc = 5.5V ±1V 


Vol 


Output Low Voltage 






0.45 


V 


ioL= 1-6 mA 


VoLi 


Output Low Voltage (P10, P11) 






2.5 


V 


Iql ~ 7 mA 


VOH 


Output High Voltage (All unless Open Drain) 


2.4 






V 


loH = 50iLtA 


•OL 


Output Leakage Current (Open Drain Option — 
Port 0) 






±10 


MA 


Vss + 0.45 <V,N< Vcc 


Ice 


Vcc Supply Current 






100 


mA 





A.C. CHARACTERISTICS 

Ta = 0°C to 70°C, Vcc = 5.5V ±1V, Vss = OV 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


tcY 


Cycle Time 


8.38 


50.0 


jusec 


3MHzXTAL= lOjUsectcv 


Af 


Oscillator Frequency Variation -Resistor Mode 


-20 


-^20 


% 


F = 2.5 MHz 



A.C. TEST CONDITIONS 

Control Outputs: Cl = 80 pF 
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PIN DESCRIPTION 



Designation 


Pin# 


Vss 


14 


Vcc 


28 


PROG 


3 


P00-P07 


4-11 


Porto 




P10-P17 


18-25 


Port 1 




P20-P23 


26-27 


Port 2 


1-2 



Function 



Designation Pin # Function 



Circuit GND potential 

+5V power supply 

Output strobe for 8243 I/O Ex- 
pander 

8-bit quasi-bidirectional port 

18—25 8-bit quasi-bidirectional port 

4-bit quasi-bidirectional port 
P20-P23 also serve as a 4-bit I/O 
expander bus for 8243 

13 Input pin testable using the JT1 

and JNT1 instructions. Can be 
designated the timer/event count- 
er input using the STRT CNT 
instruction. Also allows zero- 



T1 



RESET 17 



ALE 



12 



XTAL1 15 



XTAL2 16 



crossover sensing of slowly roov- 
ing AC inputs. 

Input used to initialize the proces- 
sor by clearing status flip-flops 
and setting program counters to 
zero. 

Address Latch Enable. Signal oc- 
curing once every 30 input clocks, 
used as an output clock. 

One side of crystal, inductor, or 
resistor input for internal oscilla- 
tor. Also input for external source. 
(Not TTL compatible.) 

Other side of timing control 
element. 



INSTRUCTION SET* 



Description 



Bytes Cycle 



Description 



Bytes Cycle 



ADD 


A,R 


Add register to A 






ADD 


A.@R 


Add data memory to A 






ADD 


A,#data 


Add immediate to A 


2 




ADDC 


A,R 


Add with carry 






ADDC 


A,@R 


Add with carry 






ADDC 


A,#data 


Add with carry 


2 




ANL 


A,R 


And- register to A 






ANL 


A,@R 


And data memory to A 






ANL 


A,#data 


And immediate to A 


2 




ORL 


A,R 


Or register to A 






ORL 


A,@R 


Or data memory to A 






ORL 


A,#data 


Or immediate to A 


2 




XRL 


A,R 


Exclusive Or register to A 






XRL 


A,@R 


Exclusive or data memory to A 






XRL 


A,#data 


Exclusive or immediate to A 






INC 


A 


Increment A 






DEC 


A 


Decrement A 






CLR 


A 


Clear A 






CPL 


A 


Complement A 






DA 


A 


Decimal Adjust A 






SWAP 


A 


Swap nibbles of A 






RL 


A 


Rotate A left 






RLC 


A 


Rotate A left through carry 






RR 


A 


Rotate A right 






RRC 


A 


Rotate A right through carry 






IN 


A,P 


Input port to A 




2 


OUTL 


P,A 


Output A to port 




2 


MOVD 


A,P 


Input Expander port to A 




2 


MOVD 


P,A 


Output A to Expander port 




2 


ANLD 


P,A 


And A to Expander port 




2 


ORLD 


P,A 


Or A to Expander port 




2 


INC 


R 


Increment register 




1 


INC 


@R 


Increment data memory 




1 



JMP addr Jump unconditional 2 2 

JMPP @A Jump indirect 1 2 

DJNZ R,addr Decrement register and Jump 2 2 

on R not zero 



JC 


addr 


JNC 


addr 


JZ 


addr 


JNZ 


addr 


JT1 


addr 


JNT1 


addr 


JTF 


addr 



Jump on Carry = 1 
Jump on Carry = 
Jump on A Zero 
Jump on A not Zero 
Jump on T1 = 1 
Jump on T1 = 
Jump on timer flag 



CALL addr 
RET 



Jump to subroutine 
Return 



No Operation 



v> 


CLR 


C 


Clear Carry 1 




U. 


CPL 


C 


Complement Carry 1 






MOV 


A,R 


Move register to A 1 






MOV 


A,@R 


Move data memory to A 1 






MOV 


A,#data 


Move immediate to A 2 


2 


« 


MOV 


R,A 


Move A to register 1 




o 


MOV 


@R,A 


Move A to data memory 1 




^ 


MOV 


R,#data 


Move immediate to register 2 




a 


MOV 


@R,#data 


Move immediate to data memory 2 


2 


o 


XCH 


A,R 


Exchange A and register 1 






XCH 


A,@R 


Exchange A and data memory 1 






XCHD 


A,@R 


Exchange nibble of A and register 1 






MOVP 


A,@A 


Move to A from current page 1 


2 


c 


MOV 


A,T 


Read Timer/Counter 1 




s 


MOV 


T,A 


Load Timer/Counter 1 




O 


STRT 


T 


Start Timer 1 




il 


STRT 


CNT 


Start Counter 1 




STOP 


TCNT 


Stop Timer/Counter 1 





*See July, 1978 MCS-48 User's Manual for opcodes. 
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FUNCTIONAL SPECIFICATIONS 

The following is a functional description of the major ele- 
ments of the 8021. 

Program Memory 

The 8021 contains 1 K X 8 of mask programmable ROM. 
No external ROM expansion capability is provided 

Data Memory 

A 64 X 8 dynamic RAM is located on chip for data storage. 
All locations are indirectly addressable and eight designated 
locations are directly addressable. Also, Included in the 
memory is the address stack, addressed by a 3-bit stack 
pointer. 

Memory is organized as shown in Figure 1. The least signi- 
ficant 8 addresses, 0—7, are directly addressable by any of 
the 11 direct register instructions. The locations are readily 
accessible for a variety of operations with the least number 
of instruction bytes required for their manipulation. 

Registers and 1 have yet another function, in that they 
can be used to indirectly address all locations in memory, 
using the indirect register instructions. These indirect RAM 
address registers, IRAR's, are especially useful for repeti- 
tive-type operations on adjacent memory locations. The 
indirect register instruction specifies which IRAR to use, 
and the contents of the IRAR is used to address a location 
in RAM. The contents of the addressed location is used 
during the execution of the instruction, and may be modi- 
fied. A value larger than 63 should not be preset in the 
IRAR when selected by an indirect register instruction. 
IRAR's may point to addresses 0—7, if desired. 

Locations 8—23 may be used as the address stack. The 
address stack enables the processor to keep track of the 
return addresses generated from CALL instructions. A 3-bit 
stack pointer (SP) supplies the address of the locations to 
be loaded with the next return address generated. The SP to 
this pushdown stack is incremented by one after a return 
address is stored, and decremented by one before an 
address is fetched during a RET. A total of 8 levels of 
nesting is possible. The SP is initialized to location 8 upon 
RESET. Since each address is 10 bits long, two bytes must 
be used to store a single address. The SP is incremented 
and decremented by one, but each increment or decrement 
moves the address pointed to by two. Therefore, only even 
numbered addresses are pointed to. 

If a particular application does not require 8 levels of nest- 
ing, the unused portion of the stack may be used as any 
other indirectly addressable scratchpad location. For 
example, if only 3 levels of subroutine nesting are used, 
then only locations 8—15 need be reserved for the address 
stack, and locations 16—63 can be used for data storage. 
The actual program counter address is not stored in the 
address stack. A separate register retains its value. 



INDIRECTLY 
ADDRESSABLE 



I CAN BE USED FOR 
I ADDRESS STACK 



DIRECTLY 
ADDRESSABLE 



Figure 1. Internal RAM Organization 

Oscillator and Clock 

The 8021 contains its own onboard oscillator and clock 
circuit, requiring only an external timing control element. 
This control element can be a crystal, inductor, resistor, or 
clock in. The capacitor normally required in resistor or 
inductor timing control operation is integrated onto the 
8021. All internal time slots are derived from the external 
element, and all outputs are a function of the oscillator 
frequency. Pins XI and X2 are used to input the particular 
control element. An instruction cycle consists of 10 states, 
and each state is a time slot of 3 oscillator periods. There- 
fore, to obtain a 10 jusec instruction cycle, a 3 MHz crystal 
should be used. 

Timer/Event Counter 

An interval timer is available to enable the user to keep 
track of time elapsed or number of events occurred, during 
normal program execution and flow. 

By a MOV T,A instruction, the contents of the accumulator 
are loaded to the timer. At the STRT T command an inter- 
nal prescaler is zeroed and thereafter increments once each 
30 input clocks (once each single cycle instruction, twice 
each double cycle instruction). The prescaler is a divide by 
32. At the (11111) to (00000) transition the timer is incre- 
mented. The timer is 8 bits and an overflow (FFH) to 
(OOH) timer flag is set. A conditional branch is available for 
testing this flag, the flag being reset each test. Total count 
capacity for the timer is 2^ X 2^ = 8192 or 81.9 msec at a 
10 jusec cycle time. Contents of the timer are moved to the 
accumulator by the MOV A,T instruction without disturb- 
ing the counting process. 

The timer may also be used as an event counter. After a 
STRT CNT command, the chip will respond to a high to 
low transition on the Test 1 pin by incrementing the timer. 
Transitions can occur no faster than one each three instruc- 
tion cycles. 

The timer and event functions are exclusive. Counting or 
timing may be started or stopped (STOP TCNT) at will. 
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Input/Output Capabilities 

The 8021 I/O configurations are highly flexible. A number 
of different configurations are possible, tailoring an 8021 to 
a given task. Other than the power supply and dedicated 
pins, all other pins (20) can be used for input, output, or 
both, depending on the configuration. 

P20-P23 and P10-P17 are quasi-bidirectional, and Test 1 
is directly testable through program control. A simplified 
schematic of the quasi-bidirectional interface is shown in 
Figure 2. This configuration allows buffered outputs, and 
also allows external input. When writing a "0" or low value 
to these ports, the large pulldown device sinks an external 
TTL load. When writing a "^", a large current is supplied 
through the large pullup device to allow a fast data transfer. 
After a short time (less than one instruction cycle), the 
large device is shut off and the small pullup maintains the 
"1" level indefinitely. However, in this situtation, an input 
device capable of overriding the small amount of sustaining 
current supplied by the pullup device can be read. (Alterna- 
tively, the data written can be read). So, by writing a "^" 
to any particular pin, that pin can serve either as a true 
high-level latched output pin, or as just a pullup resistor on 
an input. This allows maximum user flexibility in selecting 
his input or latched output pins, with a minimum of 
external components. 

Port 00—07 is also quasi-bidirectional, except there is no 
large pullup device. As outputs, this port is essentially 
open drain. 



By mask option the small pullup devices on POO— P07 may 
be deleted on any pin providing a true open drain output. 
This is useful in driving analog circuits and certain loads, 
such as keyboards. 

Also available is the 8243 I/O expander chip, which pro- 
vides additional I/O capability with a limited number of 
overhead pins. This chip has 4 directly addressable 4-bit 
ports. It connects to the PROG pin, which provides a clock, 
and pins P20— P23, which provide address and data. These 
ports can be written with a MOVD P,A; ANLD P,A; and 
ORLD P,A for Ports 4-7. A high to low transition on 
PROG signifies that address and control are available on 
P20~P23. The previous data on P20-P23 before an output 
expander instruction is lost. Therefore, when using an 
output expander P20— P23 are not useful for general 
input/output. Reading is via the MOVD A,P. This circuit 
configuration is shown in Figure 3. 

The Test 1 pin has a special bias input that allows zero- 
crossover sensing of slowly moving inputs. This is especially 
useful in SCR control of 60 Hz power and in developing 
time of day routines. As a ROM mask option there is a 
pullup resistor that is useful for switch contact input or 
standard TTL. See Figure 4. 




WRITE TO 
PORT 



INPUT BUFFER 



Figure 2. Quasi-Bidirectional Port Structure 



P20-3 
PROG 



0=^ 



P20-3 
PROG 



Figure 3. I/O Expander Interface 



(a) ZERO CROSS DETECT 



EXTERNAL 
CAPACITOR 



->— >- 



->J 



(b) OPTIONAL PULLUP RESISTOR 



->H>- 



EXTERNAL 
SWITCH 



1 



->J 



Figure 4. Test 1 Pin 
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CPU 

The 8021 CPU has arithmetic and logical capability. A wide 
variety of arithmetic and logic instructions may be exer- 
cised, which affect the contents of the accumulator, and/or 
direct or indirect scratchpad locations. Provisions have been 
made for simplified BCD arithmetic capability through the 
use of the DAA, SWAP A, and XCHD instructions. In 
addition, MOVP A,@A allows table lookup for display 
formating and constants. Jump conditions such as zero, 
not zero refer to the accumulator contents at the time of 
the condition. 

Reset 

The 8021 may see poorly regulated and noisy power sup- 
plies. A useful feature is to sense when the power supply 
dips and do a reset to prevent continued operation with 
incorrect data. This feature may be implemented on the 
8021 by connecting a diode between the RESET node and 
ground. See Figure 5. 

A reset will then be forced if the supply drops approxi- 
mately 1.5 volts and rapidly recovers. One instruction 
cycle will reset the 8021 to the initialized state. 

By removing the diode and using only the capacitor, voltage 
drops in Vcc will not cause a RESET. 



10 V 



FIGURE 5. POWER ON RESET 



Differences Between the 8021 and the 8748 

Although the 8021 is basically an electrical and functional 
subset of the 8748, there are some differences: 



1 . Pin Out — As the 8021 is a ^8-pin I^t0,.,a0ipe form 
of adapter must be used to interface t^ff JfO^I 
socket to ICE-48. An emulation board, EM-I, ^fiipc 

been designed to perform this functiori.\Xhe El\i^-1f j^^^^^^^^ 
also accounts for the increased flexibility bf sorne 
8021 I/O lines. 

2. Instruction Time — The 8021 instruction cycle is 30 
clock cycles long, the 8748 instruction cycle is 15 
clocks long. Where exact timing is important the 
8748 breadboard part should be operated at half the 
8021 clock rate. 

3. Test 1 — To facilitate developing time of day rou- 
tines from 60 Hz, and for SCR control, the Test 1 
pin without the pullup resistor option will detect 
zero crossing of a capacitively coupled AC input. 

4. Quasi-Bidirectional Ports — All 8021 ports are quasi- 
bidirectional to facilitate stand-alone use. Port has 
open drain outputs and by mask option it may or 
may not have pullup resistors. 

5. Oscillator — The 8021 has on-chip oscillator that is 
optimized for the single resistor mode. External 
connection will differ from the 8748. 

6. Dynamic RAM and Logic - The 8021 utilizes 
dynamic RAM and some dynamic logic. Input 
clocking must be maintained above the minimum 
rate or improper operation may result. 

7. High Current Outputs - Very high current drive is 
desirable for minimizing external parts required to 
do high power control. P10 and P11 have been 
designated high drive outputs capable of sinking I 
7 mA at Vss +2.5 volts. (For clarity, this is 7 InA to I 
Vss with a 2.5 volt drop across the buffer.) These I 
pins may, of course, be paralleled for 14 mA drive if I 
the output logic states are always the same. 

8. Reset — Reset has been modified on the 8021, as 
previously noted. A reset will be forced if the power 
supply drops approximately 1.5 volts and rapidly 
recovers, if a diode is used in the reset circuit. This 
prevents continued operation with incorrect data 
caused by a poorly regulated and/or noisy power 
supply. 

9. Instruction Set — The following instructions, which 
are found in the 8748, have been deleted from the 
8021 instruction set. 



Data Moves 


Registers 


Branch 


Timer 


Control 


Input/Output 


MOV A,PSW 
MOV PSW,A 
MOVX A,@R 


DEC R 


JTO 

JNTO 

JFO 

JF1 

JNI 

JBb 


addr 
addr 
addr 
addr 
addr 
addr 


EN TCNTI 
DIS TCNTI 


EN 1 
DIS 1 
SEL RBO 
SEL RBI 
SEL MBO 
SEL MB1 
ENTO CLK 


ANL P,#data 
ORL P,#data 
INS A,BUS * 


Flags 


Subroutine 




CLR FO 
CPL FO 
CLR F1 
CPL F1 




M0VP3 A,@A 


RETR 


ANL BUS,#data 
ORL BUS,#data 



*These Instructions have been replaced in the 8021 by 
IN A,PO and OUTL PO,A respectively. 



intel 



INTEL CORPORATION, 3065 Bowers Avenue, Santa Clara, CA 95051 • (408) 246-7501 

Pfinted in U.S.A./T38/1078/BUBA 
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8022 

SINGLE COMPONENT 8-BIT MICROCOMPUTER 
WITH ON-CHIP A/D CONVERTER 



■ 8-Bit CPU, ROM, RAM, I/O in Single 
40-Pin Package 

■ On-Chip 8-Bit A/D Converter; Two Input 
Channels 

■ 8 Comparator Inputs (Port 0) 

m Zero-Cross Detection Capability 

■ Single 5V Supply (4.5V to 6.5V) 

■ High Current Drive Capability — 2 Pins 

■ Two Interrupts — External and Timer 



■ 2K X 8 ROM, 64 X 8 RAM, 28 I/O Lines 

■ 8.38 ixsec Cycle; All Instructions 1 
or 2 Cycles 

■ Instructions — 8048 Subset 

■ Interval Timer/Event Counter 

■ Clock Generated with Single Resistor, 
Inductor, or Crystal 

■ Easily Expandable I/O 



The Intel® 8022 is the newest nnember of the MCS-48^'^ family of single chip 8-bit microcomputers. It is designed to 
satisfy the requirements of low cost, high volume applications which involve analog signals, capacltive touchpanel 
keyboards, and/or large ROM space. The 8022 addresses these applications by integrating many new functions on- 
chip, such as A/D conversion, comparator inputs and zero-cross detection. 

The features of the 8022 include 2K bytes of program memory (ROM), 64 bytes of data memory (RAM), 28 I/O lines, an 
on-chip 8-bit A/D converter with two input channels, an 8-bit port with comparator inputs for interfacing to low voltage 
capacltive touchpanels or other non-TTL interfaces, external and timer interrupts, and zero-cross detection capability. 
In addition, it contains the 8-bit interval timer/event counter, on-board oscillator and clock circuitry, single 5V power 
supply requirement, and easily expandable I/O structure common to all members of the MCS-48 family. 

The 8022 is designed to be an efficient controller as well as an arithmetic processor. It has bit handling capability plus 
facilities for both binary and BCD arithmetic. Efficient use of program memory results from using the MCS-48 instruc- 
tion set which consists mostly of single byte instructions and has extensive conditional jump and direct table lookup 
capability. Program memory usage is further reduced via the 8022's hardware implementation of the A/D converter 
which simplifies interfacing to analog signals. 



PIN CONFIGURATION 



LOGIC SYMBOL 

Vcc Vss 



BLOCK DIAGRAM 



P26c: 


1 ^ 


^ 40 


J Vcc 


P27C 


2 


39 


3P25 


AVcc C 


3 


38 


"J P24 


Varef C 


4 


37 


: PROG 


AN1 C 


5 


36 


11 P23 


ANO C 


6 


35 


hp22 


AVssC 


7 


34 


3P21 


TOC 


8 


33 


3 P20 


VthC 


9 


32 


H P17 


pooC 


10 8022 31 


3 P16 


P01C 


11 


30 


D P15 


P02C 


12 


29 


DP14 


P03 C 


13 


28 


3 P13 


P04 C 


14 


27 


3 P12 


P05d 


15 


26 


3 P11 


P06 C 


16 


25 


3 P10 


P07C 


17 


24 


3 RESET 


ALEC 


18 


23 


3 XTAL2 


nC 


19 


22 


3 XTAL 1 


VssC 


20 


21 


3 SUBST 



A/D 
REFERENCE-' 



PORTO 
-THRESHOLD 
REFERENCE 



8 \P0RT1 



<X>' 



ADDRESS 
- LATCH 
ENABLE 



PORT 
■-EXPANDER 
STROBE 



2048 WORDS 
PROGRAM 
MEMORY 



7v 



64 WORDS 

DATA 
MEMORY 



8-BIT 
CPU 



7v 



iz 



8- BIT 

TIMER/EVENT 

COUNTER 



DIGITAL 
I/O LINES 



TWO CHANNEL 

8BIT A/D 

CONVERTER 



A/D 
Vcc 



A/D SUBSTRATE 
Vss 



8-10 



8022 



PIN DESCRIPTION 

Designation Pin # Function 



Designation Pin # Function 



Vss 


20 


Vcc 


40 


PROG 


37 


P00-P07 


10-1 


Porto 





Vth 


9 


P10-P17 


25-32 


Port 1 




P20-P27 


33-36 


Port 2 


38-39 




1-2 


TO 


8 



T1 



19 



Circuit GND potential. 

+ 5V circuit power supply. 

Output strobe for Intel® 8243 I/O 
expander. 

8-bit open-drain port with com- 
parator inputs. The switching 
threshold is set externally by Vjh- 
Optional pull-up resistors may be 
added via ROM mask selection. 

Port threshold reference pin. 

8-bit quasi-bidirectional port. 

8-bit quasi-bidirectional port. 
P20-23 also serve as a 4-bit I/O 
expander for Intel® 8243. 

Interrupt input and input pin test- 
able using the conditional trans- 
fer instructions JTO and JNTO. In- 
itiates an interrupt following a 
low level input if interrupt is en- 
abled. Interrupt is disabled after 
a reset. 

Input pin testable using the JT1 
and JNT1 conditional transfer in- 
structions. Can be designated 
the timer/event counter input 
using the STRT CNT instruction. 
Also serves as the zero-cross 
detection input to allow zero- 
crossover sensing of slowly mov- 
ing AC inputs. Optional pull-up 
resistor may be added via ROM 
mask selection. 



RESET 

AVss 

AVcc 
SUBST 



24 Input used to Jnitializal^ li^roc- 
essor by clearing status ttlp-tMp-^v 
and setting the progranri counter , 
to zero. 

7 A/D converter GND Potential. 
Also establishes the lower limit 
of the conversion range. 

3 A/D + 5V power supply. 

21 Substrate pin used with a bypass 
capacitor to stabilize the sub- 
strate voltage and improve A/D 
accuracy. 

4 A/D converter reference voltage. 
Establishes the upper limit of the 
conversion range. 

6,5 Analog inputs to A/D converter. 
Software selectable on-chip via 
SEL ANO and SEL AN1 instruc- 
tions. 

18 Address Latch Enable. Signal 
occurring once every 30 input 
clocks (once every cycle), used as 
an output clock. 

22 One side of crystal, inductor, or 
resistor input for internal oscil- 
lator. Also input for external fre- 
quency source. (Not TTL com- 
patible.) 

23 Other side of timing control ele- 
ment. This pin is not connected 
when an external frequency 
source is used. 



ANO, AN1 



ALE 



XTAL1 



XTAL2 



1 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0''Cto70**C 

Storage Temperature -65 "C to + 180*'C 

Voltage on Any Pin with 

Respect to Ground -0.5V to + 7V 

Power Dissipation 1 Watt 



*COMMENT: Stresses above those listed under "Absolute Maximw^l 
Ratings" may cause permenent damage to the device. This ij5,a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect device reliability. 



O.C. AND OPERATING CHARACTERISTICS 

TA = 0°Cto70°C, Vcc = 5.5V ±1V, Vss = OV 



Symbol 


Parameter 




Limits 




Unit 


Test Conditions 


Min. 


Typ. 


IVIax. 


V|L 


Input Low Voltage (All except XTAL 1, 
XTAL 2, Port 0) 


-0.5 




0.8 


V 




V|L1 


Input Low Voltage (Port 0) 


-0.5 




Vth -0.1 


V 




V,H 


Input High Voltage (All except XTAL 1, 
XTAL 2, RESET, Port 0) 


2.0 




Vcc 


V 


Vcc = 5.0V ±10% 


V,H1 


Input High Voltage (All except XTAL 1, 
XTAL 2, RESET, Port 0) 


2.4 




Vcc 


V 


Vcc = 6.0V ±0.5V 


V|H2 


Input High Voltage (Port 0) 


Vth + 0.1 




Vcc 


V 




V,H3 


Input High Voltage (RESET, XTAL 1) 


3.0 




Vcc 


V 




Vth 


Port Threshold Reference Voltage 







Vcc/2 


V 




Vol 


Output Low Voltage 






0.45 


V 


l,L= 1.6 mA 


V0L1 


Output Low Voltage (P10, P11) 






2.5 


V 


loL=7 mA 


Vqh 


Output High Voltage (All unless Open Drain 
Option— Port 0) 


2.4 






V 


loH = 50/iA 


ly 


Input Leakage Current (T1) 






±10 


mA 


V|N = Vcc 


Ilo 


Output Leakage Current (Open Drain 
Option— Port 0) 






±10 


mA 


Vcc>V,N^Vss+ 0.45V 


'cc 


Vcc Supply Current 






100 


mA 




Vti 


Zero-Cross Detection Input (T1) 


1 




3 


VACpp 


Input through a 
capacitor 



A.C. CHARACTERISTICS 

TA = 0''Cto70''C, Vcc = 5.5V ±1V, Vss = OV 



Symbol 


Parameter 


IVIin. 


IVIax. 


Unit 


Test Conditions 


tcY 


Cycle Time 


8.38 


50.0 


MS 


3MHzXTAL=10MStcY 


tLL 


ALE Pulse Width 


4.6 


23.0 


MS 


tcY=10MS 


Af 


Oscillator Frequency Variation— Resistor Mode 


-20 


+ 20 


% 


F = 2.5MHz,R=15kQ 


Fti 


Zero-Cross Detection Input Frequency (T1) 


0.03 


1 


kHz 





A.C. TEST CONDITIONS 

Control Outputs: Cl=80 pF 
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A.C. CHARACTERISTICS 

TA = 0*'Cto70X, Vcc=5.5V ±1V, Vss = OV 



Expander 



Normal 









Symbol 


Parameter 


MIn. 


Max. 


Unit 


, !■>, '..'■^' ^^ 

Notes . 


tcp 


Port Control Setup Before Falling Edge of PROG 


110 




ns 




tpc 


Port Control Hold After Falling Edge of PROG 


140 




ns 




tpR 


PROG to Time P2 Input Must Be Valid 




810 


ns 




top 


Output Data Setup Time 


220 




ns 




tpD 


Output Data Hold Time 


65 




ns 




tpF 


Input Data Hold Time 





150 


ns 




tpp 


PROG Pulse Width 


1510 




ns 




tpRL 


ALE to Time P2 Input Must Be Valid 




810 


ns 




tpL 


Output Data Setup Time 


400 




ns 




tLP 


Output Data Hold Time 


150 




ns 




tpFL 


Input Data Hold Time 







ns 





PORT 2 TIMING 



EXPANDER 

PORT 

OUTPUT 



EXPANDER 
PORT 
INPUT 



DC 



DC 



X 



PORT 2o-3 DATA 



X 



y\ PORT 2o-3 DATA Y 



\ 



PORT CONTROL 



X 



PORT CONTROL 



OUTPUT DATA 



:>c=3( 



INPUT 
DATA 



:>c 



)C 



\ 



/" 
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A/D CONVERTER CHARACTERISTICS 

TA = 0°Cto70°C, Vcc=5.5V ±1V, Vss = OV, AVcc = 5.5V ±1V, AVss = OV 



Parameter 


Min. 


Typ. 


Max. 


Unit 


Comments 


Resolution 


8 






Bits 




Non-Linearity 




±V2 




LSB 


(Note 1) 


Zero Error 









LSB 


(Note 2) Ta=25°C 


Full Scale Error 









LSB 


(Note 3) Ta = 25''C 


Absolute Accuracy 




±1 




% 


(Note 4) 


Conversion Range 


AVss 




Varef 


V 




Varef 


AVcc/2 




AVcc 


V 




Input Capacitance (ANO, AN1) 




1 




pF 




Conversion Time 


4 




4 


tcY 




Sample Hold Time (tAs) 




0.07 




tcY 


(Note 5) 


Sample Hold Time (tAH) 




0.23 




tcY 


(Note 5) 


Sample Setup Before Falling Edge of ALE (tss) 




0.20 




tcY 




Sample Hold After Falling Edge of ALE (tsn) 




0.10 




tcY 





ALE / 



ANALOG 
INPUT 



ANALOG INPUTTIMING 



tAS- 



\ 



-tss- 



X 



-tAH- 



)( 



NOTES: 

1 . Non-iinearity error is the maximum deviation from a straight line through the end points of the A/D transfer characteristics. 

2. Zero error is the difference between the output of an ideal and the actual A/D for zero input voltage. 

3. Full-scale error is the difference between the output of an ideal and the actual A/D for full-scale input voltage. 

4. Absolute accuracy describes the difference between the actual input voltage and the full-scale weighted equivalent of the binary output. 
Included are quantizing and all other errors. 

5. The analog input must be maintained at a constant voltage during the sampling time (tAS) and the sample hold time (tAH)- 
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INSTRUCTION SET 



Description 



Mnemonic 



Description 



>, Hexadecimal 
- Bytes Cyt|»';;"-.:iapcode 



Hexadecimal 
Bytes Cycle Opcode 





ADD A.Rf 


Add register to A 1 


1 


68-6F 




ADDA,@R 


Add data memory to A 1 


1 


60-61 




ADD A,#data 


Add immediate to A 2 


2 


03 




ADDC A.Rr 


Add register with carry 1 


1 


78-7F 




ADDC A,@R 


Add data memory with 1 
carry 


1 


70-71 




ADDC A,#data Add immediate with 2 


2 


13 






carry 








ANL A,Rr 


And register to A 1 


1 


58-5F 




ANLA,@R 


And data memory to A 1 


1 


50-51 




ANL A,#data 


And immediate to A 2 


2 


53 




ORL A.Rr 


Or register to A 1 


1 


48-4 F 




ORL A,@R 


Or data memory to A 1 


1 


40-41 


^ 


ORL A,#data 


Or immediate to A 2 


2 


43 


s 


XRL A,Rr 


Exclusive Or register 1 


1 


D8-DF 






to A 






XRL A,@R 


Exclusive Or data 1 


1 


D0-D1 


« 




memory to A 








XRL A,#data 


Exclusive Or immediate 2 
to A 


2 


D3 




INC A 


Increment A 1 


1 


17 




DEC A 


Decrement A 1 


1 


07 




CLRA 


Clear A 1 


1 


27 




CPL A 


Complement A 1 


1 


37 




DA A 


Decimal adjust A 1 


1 


57 




SWAP A 


Swap nibbles of A 1 


1 


47 




RL A 


Rotate A left 1 


1 


E7 




RLC A 


Rotate A Ie4t through 1 
carry 


1 


F7 




RRA 


Rotate A right 1 


1 


77 




RRC A 


Rotate A right through 1 
carry 


1 


67 




IN A, Pp 


Input port to A 1 


2 


08,09,0A 




OUTL PpA 


Output A to port 1 


2 


90,39,3A 


I 


MOVD A,Pp 


Input expander port 1 


2 


OC-OF 


S- 




to A 






o 


MOVD Pp.A 


Output A to expander 1 


2 


3C-3F 


I 




port 






c 


ANLD Pp,A 


And A to expander port 1 


2 


9C-9F 




ORLD Pp,A 


Or A to expander port 1 


2 


8C-8F 


(A 


INC Rr 


Increment register 1 


1 


18-1F 


.!2 


INC @R 


Increment data memory 1 


1 


10-11 



JMPaddr 


Jump unconditional 


2 


2 


04,24,33,64, 
84,A4,C4,E4 


JMPP @A 


Jump indirect 


1 


2 


B3 


o DJNZ R.addr 


Decrement register and 


2 


2 


E8-EF 


S 


jump on R not zero 








" JCaddr 


Jump on carry = 1 


2 


2 


F6 


JNC addr 


Jump on carry = 


2 


2 


E6 


JZ addr 


Jump on A zero 


2 


2 


C6 


JNZaddr 


Jump on A not zero 


2 


2 


96 



JTO 


Jump on TO = 1 


2 


2 


,36' .N'" 




JNTO 


Jump on T0 = 


2 


2 


26 


v«^,!e( 


JT1 addr 


Jump on T1 = 1 


2 


2 


66,,;^' 




JNT1 addr 


Jump on T1 =0 


2 


2 


46 




JTF addr 


Jump on timer flag 


2 


2 


16 





§ CALL 


Jump to subroutine 1 


2 


14,34,54,74, 


1 






94,B4,D4,F4 


% RET 


Return 1 


2 


83 


1 CLRC 


Clear carry 1 


Ik 


97 


il CPLC 


Complement carry 1 


1 


A7 


MOV A.Rr 


Move register to A 1 


1 


F8-FF 


MOV A,@R 


Move data memory to A 1 


1 


F0-F1 


MOV A,#data 


Move immediate to A 2 


2 


23 


MOV RpA 


Move A to register 1 


1 


A8-AF 


MOV @R,A 


Move A to data memory 1 


1 


A0-A1 


MOV Rr,#data 


Move immediate to 2 


2 


B8-BF 


9 


register 






S MOV@R,#data 


Move immediate to 2 


2 


80-81 


Z 


data memory 






5 XCH A,Rr 


Exchange A and 1 


1 


28-2F 


o 


register 






XCH A,@R 


Exchange A and data 1 
memory 


1 


20-21 


XCHD A,@R 


Exchange nibble of A 1 
and register 


1 


30-'31 


MOVP A,@A 


Move to A from current 1 
page 


2 


A3 


1 MOV A,T 


Read timer/counter 1 


1 


42 


g MOVT,A 


Load timer/counter 1 


1 


62 


O STRTT 


Start timer 1 


1 


55 


1 STRTCNT 
IT STOPTCNT 


Start counter 1 


1 


45 


Stop timer/counter 1 


1 


65 


1 RAD 


Move conversion result 1 


2 


80 


> 


register to A 






o SELANO 
O 


Select analog input 1 


1 


85 


zero 






1 SELAN1 


Select analog input one 1 


1 


95 


EN 1 


Enable external 1 
interrupt 


1 


05 


ioisi 


Disable external 1 


1 


15 


2 


interrupt 






B EN TCNTI 


Enable timer/counter 1 


1 


2 5 


£ 


interrupt 






DIS TCNTI 


Disable timer/counter 1 
interrupt 


1 


35 


RETI 


Return from interrupt 1 


2 


93 


NOP 


No operation 1 


1 


00 



SYMBOLS AND ABBREVIATIONS USED 



A Accumulator 

addr 11-Bit Program Memory Address 

ANO, AN1 Analog Input 0, Analog Input 1 

CNT Event Counter 

data 8-Bit Number or Expression 

I Interrupt 



P Mnemonic for "in-page" Operation 

Pp Port Designator (P= 1, 2,or 4-7) 

Rr Register Designator (r = 0-7) 

T Timer 

TO, T1 Test 0, Test 1 

# Immediate Data Prefix 

@ Indirect Address Prefix 
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FUNCTIONAL DESCRIPTION 

PROGRAM MEMORY 

The 8022 program memory consists of 2048 words 8 bits 
wide which are addressed by the program counter. The 
memory is ROM which is mask programmable at the fac- 
tory. No external ROM expansion capability is provided. 
There are three locations in program memory of special 
importance. 

Location 0: Activating the RESET line of the proces- 
sor causes the first instruction to be 
fetched from location 0. 

Locations: Activating the interrupt input line of the 
processor (if interrupt is enabled) causes 
a jump to subroutine. 

Location?: A timer/event counter interrupt resulting 
from a timer/counter overflow causes a 
jump to subroutine (if timer/counter inter- 
rupt is enabled). 

Therefore, the first instruction to be executed after in- 
itialization is stored in location 0, the first word of an ex- 
ternal interrupt service routine is stored in location 3, 
and the first word of a timer/event counter interrupt ser- 
vice routine is stored in location 7. 



I 



7|6|5i4|3|2|l[0 



LOCATION 7-TIMER/COUNTER INTERRUPT 
VECTORS PROGRAM HERE 



LOCATION 3— EXTERNAL INTERRUPT 

VECTORS PROGRAM HERE 



RESET VECTORS PROGRAM HERE 



PROGRAM MEMORY MAP 



Program memory can be used to store constants as well 
as program instructions. The MOVP instruction allows 
easy table lookup for constants and display formatting. 

DATA MEMORY 

On-chip data memory is organized as 64 words eight bits 
wide. All locations are indirectly addressable and eight 
designated locations are directly addressable. Also in- 
cluded in the data memory is the program counter stack, 
addressed by a 3-bit stack pointer. 

The first eight locations (0-7) of the array are designated 
as working registers and are directly addressable by any 
of the 11 direct register instructions. These locations 
are readily accessible for a variety of operations with a 
minimum number of instruction bytes required for their 
manipulation. Thus, they are usually used to store fre- 
quently accessed intermediate results. The DJNZ in- 



struction makes very efficient use of the working regis- 
ters as program loop counters by attowingtHe program- 
mer to decrement and test the register in a single in- 
struction. 

Registers and 1 have yet another function in that they 
can be used to indirectly address all locations In the 
data memory using the indirect register instructions. 
These two RAM pointer registers are especially useful 
for repetitive type operations on adjacent memory loca- 
tions. The indirect register instruction specifies which 
pointer register to use and the content of the pointer 
register is used to address a location in RAM. The con- 
tents of the addressed location are used during the exe- 
cution of the instruction and may be modified. The 
pointer registers may also point to registers 0-7, if 
desired. 

Locations 8-23 serve a dual role in that they contain the 
8-level program counter stack, two RAM locations per 
level. The program counter stack enables the processor 
to keep track of the return addresses generated by inter- 
rupts or CALL instructions by storing the contents of 
the program counter prior to servicing the subroutine. A 
3-bit stack pointer determines which of the program 
counter stack's eight register pairs will be loaded with 
the next return address generated. The stack pointer, 
when initialized to 000 by RESET, points to RAM loca- 
tions 8 and 9. The first subroutine jump or interrupt 
results in the program counter contents being trans- 
ferred to locations 8 and 9. The stack pointer is then in- 
cremented by one and points to locations 10 and 11 in 
anticipation of another CALL. The end of a subroutine, 
which is signaled by a return instruction (RET or RETI), 
causes the stack pointer to be decremented and the 
contents of the resulting register pair to be transferred 
to the program counter. 

Since the program counter's addresses are 11 bits long, 
two bytes or registers must be used to store a single ad- 
dress. Thus, the 16-byte program counter stack permits 
up to a total of 8 levels of subroutine nesting without 
overflowing the stack. If overflow does occur, the 
deepest address stored (locations 8 and 9) will be over- 
written and lost since the stack pointer overflows from 
111 to 000. It also underflows from 000 to 111. If a parti- 
cular application does not require 8 levels of nesting, 
tthe unused portion of the program counter stack may 
be used as any other indirectly addressable RAM loca- 
tion. For example, if only 3 levels of subroutine nesting 
are used, then only locations 8-13 need be reserved for 
the program counter stack, and locations 14-23 can be 
used for data storage. 



8 LEVEL STACK 

OR 

USER RAM 

16x8 



WORKING 

REGISTERS 

8x8 



ADDRESSED 
INDIRECTLY 
THROUGH 
RO OR R1 



DIRECTLY 
ADDRESSABLE 



DATA MEMORY MAP 
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INPUT/OUTPUT 

The 8022 has 26 lines which can be used for digital input 
or output functions. These lines are organized as 3 ports 
of 8 lines, each of which serve as either inputs, outputs, 
or bidirectional ports, and 2 test Inputs which can alter 
program sequences when tested by conditional jump in- 
structions. 

Ports 1 and 2 have identical operating characteristics 
and are both quasi-bidirectional. That Is, each line may 
serve as an input, an output, or both. Data written to 
these ports is statically latched and remains unchanged 
until rewritten. As inputs, these lines are non-latching; 



i.e., inputs must be present until read by an input in- 
struction. Inputs are fully TTL c6mpatible andHli out- 
puts will drive at least one standard TTL load, tWo lines 
of port 1 (P10 and P11) are designated as high curfer^l 
drive lines and have the ability to sink 7 mA. In addition, 
these pins may be paralleled for 14 mA output if the out- 
put logic states are always the same. The high current 
output lines eliminate the need for discrete transistors 
in many applications. 

The lines of ports 1 and 2 are quasi-bidirectional 
because of their output structure which allows them to 
be used as inputs, outputs, or both, even though as out- 
puts they are statically latched. 



=5KQ S =50KQ 




I/O PIN 
PORTS 1 
AND 2 



WRITE 
PULSE 



QUASI-BIDIRECTIONAL PORT STRUCTURE 



I 



Each line is continuously pulled up to -i-5V through a 
relatively high impedance device (~50 kQ). This pullup is 
sufficient to provide the source current for a TTL high 
level, yet can be pulled low by a standard TTL gate, thus 
allowing the same pin to be used both as an input and 
output. When writing a "0" or low value to these ports, a 
low impedance device (~300Q) overcomes the high 
pullup and provides TTL current sinking capability. 
When writing a "1", a large current is momentarily sup- 
plied through a relatively low impedance device (~5kQ) 
to allow a fast data transfer. After a short time (less than 
one Instruction cycle) the low impedance device is shut 
off and the small pullup maintains the "1" level indefi- 
nitely. In this situation, an input device capable of over- 
riding the small amount of sustaining current supplied 
by the pullup device can be read. (Alternatively, the data 
written en be read.) So, by writing a "1" to any particular 
pin that pin can serve either as a true high-level latched 
output pin, or as just a pullup resistor on an input. This 
allows maximum user flexibility in selecting his input or 
latched output lines, with a minimum of external 
components. 



PORT COMPARATOR INPUTS 



Port has been modified from the standard quasi- 
bidirectional structure to allow an optional open drain 
configuration with comparator inputs. The low imped- 
ance pullup device has been eliminated and the high im- 
pedance pullup is optional. Thus, the user can choose 
via a mask programmable selection each line of port to 
be either quasi-bidirectional with a high impedance or 
true open-drain. The open drain configuration allows the 
line to sink current through the low impedance pulldown 
device or to float in the high output state. More impor- 
tantly, the open drain configuration makes port very 
easy to drive when it is used as inputs. The input cir- 
cuitry for each line of port includes a voltage com- 
parator which amplifies the voltage difference between 
the input port line and the port threshold reference pin 
(Vjh)- The voltage gain of the comparator is sufficient to 
sense a 100 mV input differential within the range Vss to 
Vcc/2. 
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INTERNAL 
BUS" 



WRITE 
PULSE' 



D 
FLIP- 
FLOP 



I/O PIN 
PORTO 




PORT I/O STRUCTURE 



If VjH is allowed to float, it will bias itself to the digital 
switch point of the other ports, and port behaves as a 
set of nornnal digital inputs. However, by biasing Vjh, 
the switch point can be both tightly controlled and ad- 
justed. Common uses for this would include high noise 
margin inputs (Vcc/2), unusual logic level inputs as from 
a diode isolated keyboard, analog channel expansion, 
and direct capacitive touchpanel interface. The compar- 
ator action is automatic and the port is read just as any 
other port. 

In addition to the 26 digital I/O lines contained on-board 
the 8022, a user can obtain additional I/O lines by utiliz- 
ing the Intel® 8243 I/O expander chip or standard TTL. 
The 8243 interfaces to 4 port lines of the 8022 (lower half 
of port 2) and is strobed by the PROG line of the 8022. 




I/O EXPANDER INTERFACE 



A 4-bit transfer from a port to the lower half of the ac- 
cumulator sets the most significant four bits to zero. 
Each transfer consists of two 4-bit nibbles. The first 
contains the "opcodes" and port address, and the sec- 
ond contains the actual 4 bits of data. A high-to-low tran- 
sition of the PROG line indicates that address is present 
while a low-to-high transition indicates the presence of 
data. 

TEST AND INTERRUPT INPUTS 

In addition to the 24 general purpose I/O lines which 
comprise ports 0, 1, and 2, the 8022 has two Inputs 
which are testable via conditional jump instructions, TO 
and T1. These pins allow inputs to cause program 
branches without the necessity to load an input port in- 
to the accumulator. TO and T1 have other functions as 
well. 

The Test pin serves as an external interrupt input as 
well as a testable input. An interrupt sequence is initi- 
ated by applying a low "0" level input to the TO pin when 
external interrupt is enabled. Interrupt Is level triggered 
and active low to allow "WIRE ORING" of several inter- 
rupt sources at the input pin. When an interrupt is 
detected, it causes a "jump to subroutine" at location 3 
in program memory as soon as all other cycles of the 
current instruction are complete. At this time, the pro- 
gram counter contents are saved in the program counter 
stack, but the remaining status of the processor is not. 
Unlike the 8048, the 8022 does not contain a program 
status word. Thus, when appropriate, the carry and aux- 
iliary carry flags are saved in software, as the accumu- 
lator is. The routine shown below saves the accumulator 
and the carry flags in only four bytes. 



The 8243 contains four 4-bit I/O ports which serve as ex- 
tensions of the on-chip I/O and are addressed as ports 
4-7. The following operations may be performed on 
these ports: 

1. Transfer Accumulator to Port 

2. Transfer Port to Accumulator 

3. And Accumulator to Port 

4. Or Accumulator to Port 



Instructions Bytes Comments 

MOV R6,A 1 ;save accumulator 

CLR A 1 ;clear accumulator 

DA A 1 ;convert carry flags into sixes 

MOV R7,A 1 ;save status of carry flags 



The end of an interrupt service subroutine is marked by 
the execution of a Return from Interrupt instruction 
(RETI). Prior to returning from the interrupt subroutine 
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however, the status of the accumulator and the carry 
flags are restored in software. The following routine 
restores the status of the accumulator and the carry 
flags, which was previously saved, in five bytes. 



Instructions Bytes 

MOV A,R7 
Add A,#OAAH 
MOV A,R6 
RETI 



Comments 

;restore carry flags status to 
.accumulator and set/clear carry flags 
;restore accumulator 
;return 



The interrupt system is single level in that once an inter- 
rupt is detected, all further interrupt requests are ig- 
nored until execution of a RETI re-enables the interrupt 
input logic. This sequence holds true also for an internal 
interrupt generated by timer overflow. If an external in- 
terrupt and an internal timer/counter generated interrupt 
are detected at the same time, the external source will 
be recognized. If needed, a second external interrupt 
can be created by enabling the timer/counter interrupt, 
loading FFH in the counter (one less than terminal 
count) and enabling the event counter mode. A low-to- 
high transition on the T1 input will then cause an inter- 
rupt vector to location 7. 

The Test 1 pin, in addition to being a testable input, 
serves two other important functions. It can be used as 
an input pin to the external event counter, as previously 
mentioned, and it can be used to detect the zero cross- 
ing point of slow moving AC signals. Execution of the 
STRT CNT instruction puts the T1 pin in the counter in- 
put mode by connecting T1 to the counter and enabling 
the counter. Subsequent low-to-high transitions on T1 
will cause the counter to increment. Note that this 

operation differs from the rest of the MCS-48 devices, 
which increment the counter on high-to-low transitions. 
This change was made on the 8022 to take advantage of 
the accuracy of the rising edge detection on the zero 
cross circuitry. The maximum rate at which the counter 
may be incremented is once per three instruction cycles 
(every 30 /us when using a 3 MHz crystal) — there is no 
minimum frequency. 

In addition to serving as a testable input and as the 
counter input, the T1 pin has special circuitry to detect 
when an AC signal crosses its average DC level. When 
driven directly, this pin responds as a normal digital in- 
put. To utilize the zero cross detection mode, an AC 
signal of approximately 1-3 VAC p-p magnitude and a 
maximum frequency of 1 kHz is coupled through an ex- 
ternal capacitor (1 f^F) to the T1 pin. 




8022 
INTERPRETATION 



T1| 
AC SOURCE II [T]- 

1 mF I 



-^ — ^o— ^o — TO T1/EVENT COUNTER 






ZERO-CROSS DETECTION 



The internal digital state is sensed as a zerountil the ris- 
ing edge crosses the DC average level, whenjtt^epomes 
a one. This is accomplished by the self-biasing high 
gain amplifier which is included in the T1 input. This clfr 
cuit biases the T1 input exactly at its switching point, 
such that a small change will cause a digital transition 
to occur. This digital transition takes place within 5 
degrees of the zero point. The digital value of T1 remains 
a one until the falling edge of the AC input drops approx- 
imately 100 mV below the switching point of the rising 
edge (100 mV below the zero point, if the digital transi- 
tion occurred exactly at the zero point). The 100 mV off- 
set is created by hysteresis and eliminates chattering of 
the internal signal caused by the external noise. 

The zero cross detection capability allows the user to 
make the 60 Hz power signal the basis for this system 
timing. All timing routines. Including time-of-day, can be 
implemented using the zero cross detection capability 
of T1 and its conditional jump instructions. In addition, 
the zero cross detection feature can be used in conjunc- 
tion with the timer interrupt to interrupt processing at 
the zero voltage point. This enables the user to control 
voltage phase sensitive devices such as triacs and 
SCRs, and to use the 8022 in applications such as shaft 
speed and angle measurement. 

ANALOG TO DIGITAL CONVERTER 

The 8022 contains on-chip a complete hardware imple- 
mentation of an 8-bit analog to digital (A/D) converter 
with two multiplexed analog inputs. The A/D converter 
utilizes a successive approximation technique to pro- 
vide an updated conversion once every four instruction 
cycles (i.e., once every 40 /iS) with a minimum of required 
software. 

The A/D converter consists of four main parts, the input 
circuitry, a series string of resistors, a voltage compar- 
ator, and the successive approximation logic. The two 
analog inputs are multiplexed on-chip and selected via 
software by the SEL ANO and SEL AN1 instructions. Be- 
sides selecting one of the analog inputs, these instruc- 
tions restart the conversion sequence which operates 
continuously. Restarting a conversion sequence deletes 
the conversion in progress but does not effect the result 
of the previous conversion which is stored in the conver- 
sion result register. The continuous operation of the A/D 
converter saves program space and time by allowing the 
user obtain multiple readings from a given input with 
only one select instruction. To obtain a valid conversion 
reading, the user must provide the analog input signal 
no later than the beginning of the select instruction 
cycle. The analog input is then sampled by the A/D con- 
verter and maintained internally. This voltage becomes 
one input to the voltage comparator which amplifies the 
difference between the analog input and the voltage tap 
on the series resistor string. 

The series resistor string is connected between the A/D 
reference pin (Varef) £ind ground (AVss). It is comprised 
of 256 identical resistors which divide the voltage bet- 
ween these two pins into 256 identical voltage steps. 
This configuration gives the converter its inherent 
monotoniclty. The range of Varef ''^ which full 8-bit 
resolution can be provided is between Vcc/2 and Vcc- 



■ 
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Thus, the user is given a minimum voltage range from 
ground to Vcc/2 and a maximum range from ground to 
Vcc over which 8-bit resolution is Insured. 
The voltage tap on the series resistor string is selected 
by the resistor ladder decoder. This decoder is driven by 
the 8-bit successive approximation register (SAR). Each 
bit of the SAR is set in succession MSB to LSB and a 
voltage comparison between the selected resistor lad- 
der voltage and the analog input voltage is performed 
after the setting of each bit. The result of each com- 
parison determines whether the particular bit will re- 
main set or be reset. All comparisons are performed 
automatically by the on-chip A/D hardware. At the end of 
8 comparisons the SAR contains a valid digital result 
which is then latched into the conversion result register 
(CRR). The RAD instruction (read A/D) loads the conver- 
sion result from the CRR to the accumulator of the 8022. 

As mentioned previously, the software and time re- 
quired to perform an A/D conversion is optimized by the 
8022's on-chip A/D converter configuration. Typical soft- 
ware for reading two sequential A/D conversions and 
storing them in data memory is shown below: 



;Starts conversion of ANO input 

;Set up memory pointer 

;First conversion value to accumulator 



First 


BEL ANO 


Conversion 


MOV R0,#24 


50 MS 


RAD 


4 bytes 




Second 


MOV @ RO,A 


Conversion 


INC RO 


40 MS 


RAD 


3 bytes 





;Store first conversion value 
;lncrement memory location 
;Second conversion value to accumulator 



Note that the second conversion occurs without a sec- 
ond select instruction being used. Rather, the con- 
tinuous operation of the A/D converter provides an up- 
dated digital value 4 instruction cycles after the first. 



To insure maximum accuracy frdlt^ tWe A/Q; converter, 
separate power supply pins (AVcc an'd Ayss)|i(y#^ sub- 
strate JDin (SUBST) have been provided., Sappty«%%^^^ 
power supply pins with a well filtered and i^g.ulat@d| 
voltage supply minimizes the effect of pow^f supply^ 
variance and system noise. The substrate pin should tie 
bypassed to ground through a 500 pF to 0.001 juF capaci- 
tor. 



ANALOG MULTIPLEXER 



rv 



-f^ 



- SEL ANO 

- SEL AN1 

SAMPLE AND HOLD 

I I 




INTERNAL BUS 



A/D CONVERTER BLOCK DIAGRAM 





,6-3 MHz 



CRYSTAL 

FREQUENCY REFERENCE OPTIONS 




OPTIONAL C 
RECOMMENDED 



TTL 
GATE 
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OSCILLATOR AND CLOCK 

The 8022 contains its own on-board oscillator and clock 
circuit, requiring only an external timing control ele- 
ment. This control element can be a crystal, inductor, 
resistor, or clock in. The capacitor normally required In 
resistor or inductor timing control operation is inte- 
grated onto the 8022. All internal time slots are derived 
from the external element, and all outputs are a function 
of the oscillator frequency. Pins X1 and X2 are used to 
Input the particular control element. An instruction 
cycle consists of 10 states, and each state is a time slot 
of 3 oscillator periods. Therefore, to obtain a 10 jus 
instruction cycle, a 3 MHz crystal should be used. 

TIMER/COUNTER 

An interval timer/counter is available to enable the user 
to keep track of time elapsed or number of events oc- 
curred during normal program execution and flow. 

By a MOV T,A instruction, the contents of the accumu- 
lator are loaded to the timer. At the STRT T command an 
internal prescaler is zeroed and thereafter increments 
once each 30 input clocks (once each single cycle in- 
struction, twice each double cycle instruction). The pre- 
scaler is a divide by 32. At the (11111) to (00000) transi- 
tion the timer is incremented. The timer is 8 bits and an 
overflow (FFH) to (OOH) timer flag is set along with the 
timer interrupt, if enabled. A conditional branch instruc- 
tion (JTF) is available for testing this flag, the flag being 
reset each test. This instruction must also be used to in- 
itialize the timer overflow flag after a RESET instruction, 
as RESET does not perform this function. Total count 
capacity for the timer is 2^ x 2^=8192 or 81.9 ms at a 10 
fiS cycle time. Contents of the timer are moved to the ac- 
cumulator by the MOV A,T instruction without disturb- 
ing the counting process. 

The timer may also be used as an event counter. After a 
STRT CNT command, the 8022 will respond to a low-to- 
high transition on the Test 1 pin by incrementing the 
timer. Transitions can occur no faster than once each 
three instruction cycles. 

The timer and event functions are exclusive. Counting 
or timing may be started or stopped (STOP TCNT) at will. 



CPU '^ :' r., 

The 8022 CPU has arithmetic and logicai c^\M0'0\^y^ 
wide variety of arithmetic and logic instructions m%,;li>pi ; 
exercised, which affect the contents of th^ 4^c^m|j^j( 
lator, and/or direct or indirect scratchpad locations. Pro^ 
visions have been made for simplified BCD arithmetfe 
capability through the use of the DAA, SWAP A, and 
XCHD instructions. In addition, MOVP A,@A allows 
table lookup for display formatting and constants. Jump 
conditions such as zero, not zero refer to the accumu- 
lator contents at the time of the condition. 



RESET 

The 8022 may be used in systems with poorly regulated 
and noisy power supplies. A useful feature is to sense 
when the power supply dips and quickly recovers, and 
do a reset to prevent continued operation with incorrect 
data. This feature may be implemented on the 8022 by 
connecting a diode between the RESET node and 
ground. 

Including the diode in the reset circuitry forces a reset 
to occur if the power supply experiences a very sudden 
voltage glitch. Specifically, if the power supply drops 
approximately 1.5V and recovers after at least a few 
nanoseconds, a reset will occur. Without the diode, a 
power supply interruption of less than 1 ms will not 
cause a power-on reset. 




POWER ON RESET 



iny 
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8048/ 8648/ 8748/ 8035 



SINGLE COMPONENT 8-BIT MICROCOMPUTER 

• 8048 Mask Programmable ROM 

• 8648 One-Time Factory Programmable EPROM 

• 8748 User Programmable/Erasable EPROM 

• 8035/8035L External ROM or EPROM 



8-Bit CPU, ROM, RAM, I/O in 
Single Package 

Interchangeable ROM and EPROM 
Versions 

Single 5V Supply 

2.5 Msec and 5.0 Msec Cycle Versions 
All instructions 1 or 2 Cycles. 

Over 90 Instructions: 70% Single Byte 



1Kx 8 ROM/EPROM 
64 X 8 RAM 
27 I/O Lines 

Interval Timer/Event Counter 

Easily Expandable Memory and I/O 

Compatible with 8080/8085 Series 
Peripherals 

Single Level Interrupt 



I 



The Intel® 8048/8648/8748/8035 is a totally self-sufficient, 8-bit parallel computer fabricated on a single silicon chip 
using Intel's N-channel silicon gate MOS process. 

The 8048 contains a 1 K x 8 program memory, a 64 x 8 RAM data memory, 27 I/O lines, and an 8-bit timer/counter in addi- 
tion to on-board oscillator and clock circuits. For systems that require extra capability, the 8048 can be expanded 
using standard memories and MCS-80"'^'^/MCS-85™ peripherals. The 8035 is the equivalent of an 8048 without program 
memory. The 8035L has the RAM power-down mode of the 8048 while the 8035 does not. The 8648 is a one-time pro- 
grammable (at the factory) 8748 which can be ordered as the first 25 pieces of a new 8048 RAM order. The substitution 
of 8648's for 8048's allows for very fast turnaround for initial code verification and evaluation units. To reduce develop- 
ment problems to a minimum and provide maximum flexibility, three interchangeable pin-compatible versions of this 
single component microcomputer exist: the 8748 with user-programmable and erasable EPROM program memory for 
prototype and preproductlon systems, the 8048 with factory-programmed mask ROM program memory for low cost, 
high volume production, and the 8035 without program memory for use with external program memories. 

This microprocessor Is designed to be an efficient controller as well as an arithmetic processor. The 8048 has exten- 
sive bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory 
results from an instruction set consisting mostly of single byte instructions and no instructions over 2 bytes in length. 



PIN CONFiGURATION 



LOGIC SYMBOL 



BLOCK DIAGRAM 




TOC 
XTAL lC 
XTAL 2C 

rIsetC 
ssC 

EAC 

RbC 

psenC 

wrC 

aleC 

DBoC 
DB,C 
DB^C 
DB3C 
DB4C 



DB5C 
DBfiC 
DB,C 19 
VssC 20 



8048 
8648 
8748 
8035 



C 18 



DP25 
DP24 


RESET 


:pi7 

DP16 


SINGLE 
STEP 


DP15 
DP14 


EXTERNAL 
MEM 


3P13 




DP12 

Dm 


TEST- 


Upio 




DVoD 


INTERRUPT 


;3prog 




::p23 




DP22 
DP21 


BUS<(^ 


DP20 





8048 



0>T 



PROGRAM 
^ STORE 
ENABLE 

ADDRESS 
•■LATCH 
ENABLE 



PORT 
►EXPANDER 
STROBE 



1024 WORDS 
PROGRAM 
MEMORY 



7^ 



64 WORDS 

DATA 
MEMORY 



8-BIT 
CPU 



Y\ 



LZ 



\/ 



8BIT 

TIMER/ 
EVENT COUNTER 
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PiN DESCRIPTION 

Designation Pin # Function 



Designation Pin # Function 



P10-P17 


27-34 


Port 1 




P20-P27 


21-24 


Port 2 


35-38 



Vss 20 Circuit GND potential 

Vqo 26 Programming power supply; +25V 

during program, +5\/ during oper- 
ation for both ROM and PROM. 
Low power standby pin in 8048 
and 8035L 

Vcc 40 Main power supply; +5V during 

operation and programming. 

PROG 25 Program pulse (+23V) input pin 

during 8748 programming. 

Output strobe for 8243 I/O 
expander. 

8-bit quasi-bidirectional port. 

8-bit quasi-bidirectional port. 

P20-P23 contain the four high 
order program counter bits during 
an external program memory fetch 
and serve as a 4-bit I/O expander 
bus for 8243. 

DBg-DBy 12-19 True bidirectional port which can 
BUS be written or read synchronously 

using the RD, WR strobes. The 
port can also be statically latched. 

Contains the 8 low order program 
counter bits during an external 
program memory fetch, and receives 
the addres sed ins truction under the 
control of PSEN. Also contains the 
address and data during an external 
RAM data store instructi on, u nder 
control of ALE, RD, and WR". 

TO 1 Input pin testable using the con- 

ditional transfer instructions JTO 
and JNTO. TO can be designated as 
a clock output using ENTO CLK 
instruction. TO is also used during 
programming. 

T1 39 Input pin testable using the JT1, 

and JNT1 instructions. Can be des- 
ignated the timer /counter input using 
the STRT CNT instruction. 

INT ^ Interrupt input. Initiates an inter- 

rupt if interrupt is enabled. Inter- 
rupt is disabled after a reset. Also 
testable with conditional jump 
instruction. (Active low) 



RD 



RESET 



WR 



ALE 



PSEN 



SS 



EA 



XTAL1 



XTAL2 



8 Output strobe activated during a 
BUS read. Can be used to enable 
data onto the bus from an external 
device. 

Used as a read strobe to external 
data memory. (Active low) 

4 Input which is used to initialize the 
processor. Also used during PROM 
programming verification, and 
power down. (Active low) 
(NonTTL V,H ) 

10 Output strobe during a bus write. 
(Active low) 

Used as write strobe to external 
data memory. 

11 Address latch enable. This signal 
occurs once during each cycle and 
is useful as a clock output. 

The negative edge of ALE strobes 
address into external data and pro- 
gram memory. 

9 Program store enable. This output 
occurs only during a fetch to exter- 
nal program memory. (Active low) 

5 Single step input can be used in con- 
junction with ALE to "single step" 
the processor through each in- 
struction, (Active low) 

7 External access input which forces 

all program memory fetches to re- 
ference external memory. Useful 
for emulation and debug, and 
essential for testing and program 
verification. (Active high) 

2 One side of crystal input for inter- 
nal oscillator. Also input for exter- 
nal source. (Non TTL V|h ) 

3 Other side of crystal input. 
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INSTRUCTION SET 





Mnemonic 


Description 


Bytes 


Cycle 




ADD A, R 


Add register to A 








ADD A, @R 


Add data memory to A 








ADD A, xidata 


Add immediate to A 




2 




ADDC A, R 


Add register with carry 








ADDC A, @R 


Add data memory with carry 








ADDC A, #data 


Add immediate with carry 




2 




ANLA, R 


And register to A 








ANLA, @R 


And data memory to A 








ANL A, ffdata 


And immediate to A 




2 




ORL A, R 


Or register to A 






o 


ORL A, @R 


Or data memory to A 






3 


ORL A, #data 


Or immediate to A 




2 


k 

3 


XRL A, R 


Exclusive or register to A 






^ 


XRL A, @R 


Exclusive or data memory to A 






<i 


XRL A, ^data 
INC A 
DEC A 
CLR A 
CPLA 
DA A 
SWAP A 
RL A 
RLC A 
RR A 
RRC A 


Exclusive or immediate to A 

Increment A 

Decrement A 

Clear A 

Complement A 

Decimal adjust A 

Swap nibbles of A 

Rotate A left 

Rotate A left through carry 

Rotate A right 

Rotate A right through carry 




2 




IN A, P 


Input port to A 




2 




OUTLP, A 


Output A to port 




2 




ANL P, #data 


And immediate to port 




2 


3 

n 


ORL P, #data 


Or immediate to port 




2 


3 


INS A, BUS 


Input BUS to A 




2 


O 


OUTL BUS, A 


Output A to BUS 




2 


i 


ANL BUS,#data 


And immediate to BUS 




2 


c 


ORL BUS,#data 


Or immediate to BUS 




2 




MOVD A, P 


Input expander port to A 




2 




MOVD P, A 


Output A to expander port 




2 




ANLDP, A 


And A to expander port 




2 




ORLD P, A 


Or A to expander port 




2 


£ 


INCR 


Increment register 




1 


.-K 


INC @R 


Increment data memory 




1 




DECR 


Decrement register 




1 




JMP addr 


Jump unconditional 


2 


2 




JMPP @A 


Jump indirect 


1 


2 




DJNZR,addr 


Decrement register and skip 


2 


2 




JC addr 


Jump on carry = 1 


2 


2 




JNCaddr 


Jump on carry = 


2 


2 




J Z addr 


Jump on A zero 


2 


2 




JNZaddr 


Jump on A not zero 


2 


2 


1 


JTO addr 


Jump on TO = 1 


2 


2 




JNTO addr 


Jump on TO = 


2 


2 


JT1 addr 


Jump on T1 = 1 


2 


2 




JNT1 addr 


Jump on T1 = 


2 


2 




JFOaddr 


Jump on FO = 1 


2 


2 




JFIaddr 


Jump on F1 = 1 


2 


2 




JTF addr 


Jump on timer flag 


2 


2 




JNI addr 


Jump on INT= 


2 


2 




JBb addr 


Jump on accumulator bit 


2 


2 



Description 



Bytes Cycles 



c 


CALL addr 


Jump to subroutine 2 


2 


3 
O 


RET 


Return 1 


2 


V) 


RETR 


Return and restore status 1 


2 




CLR C 


Clear carry 1 






CPL C 


Complement carry 1 




1 

a. 


CLR FO 


Clear flag 1 




CPL FO 


Complement flag 1 






CLR F1 


Clear flag 1 1 






CPL F1 


Complement flag 1 1 






MOV A, R 


Move register to A 1 






MOV A, @R 


Move data memory to A 1 






MOV A, #data 


Move immediate to A 2 






MOV R, A 


Move A to register 1 






MOV @R, A 


Move A to data memory 1 






MOV R, #data 


Move immediate to register 2 




> 


MOV@R,#data 


Move immediate to data memory 2 




§ 


MOV A, PSW 


Move PSW to A 1 




va 


MOV PSW, A 


Move A to PSW 1 




re 
Q 


XCH A, R 


Exchange A and register 1 






XCHA,@R 


Exchange A and data memory 1 






XCHD A, @R 


Exchange nibble of A and register 1 






MOVX A, @R 


Move external data memory to A 1 


2 




MOVX @R, A 


Move A to external data memory 1 


2 




MOVP A, @A 


Move to A from current page 1 


2 




M0VP3 A, @A 


Move to A from page 3 1 


2 




MOV A, T 


Read timer/counter 1 




2 


MOV T, A 


Load timer/counter 1 




c 

3 


STRTT 


Start timer 1 




u 


STRT CNT 


Start counter 1 




^ 


STOP TCNT 


Stop timer/counter 1 




i 


ENTCNTI 


Enable timer/counter interrupt 1 




DISTCNTI 


Disable timer/counter interrupt 1 






EN 1 


Enable external interrupt 1 






DISi 


Disable external interrupt 1 




2 


SELRBO 


Select register bank 1 




c 


SELRB1 


Select register bank 1 1 




O 


SEL MBO 


Select memory bank 1 






SEL MB1 


Select memory bank 1 1 






ENTOCLK 


Enable clock output on TO i 





NOP 



No operation 



Mnemonics copyright Intel Corporation 1976 
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ABSOLUTE MAXIMUM RATINGS^ 

Ambient Temperature Under Bias 0°C to 70°C -comment: 

Storaqe Temperature -65°C to +150°C stresses above those listed under "Absolute Maximum Ratings" 

. , ,. /^ A r-i- iA/-iil V, J. may cause permanent damage to the device. This is a stress rating 

Voltage On Any Pin With Respect J^ ^^^ ^^^^^^.^^^, ^^^^^ J^ ^^ ,^^ ^^^.^^ ^, ^,^^^ ^^ ^^^ ^^^^^ 

to Ground -O.SV to +7V conditions above those indicated in the operational sections of this 

Power Dissipation 1.5 Watt specification is not implied. 



D.C.AND OPERATING CHARACTERISTICS Ta=o°c to 70X, Vcc= Vc 



+ 5V ±10%, Vss = OV 



Symbol 


Parameter 


Limits 


Unit 


Test Conditions 




Min. 


Typ. 


Max. 




V,L 


Input Low Voltage 

(All Except RESET, X1,X2) 


-.5 




.8 


V 




V,L1 


Input Low Voltage 
(RESET, X1,X2) 


-.5 




.6 


V 




V,H 


Input High Voltage 


2.0 




Vcc 


V 






(All Except XTAL1, XTAL 2, RESET) 




V|H1 


Input High Voltage (X1, X2, RESET) 


3.8 




Vcc 


V 




Vol 


Output Low Voltage (BUS) 






.45 


V 


VoL= 2.0 mA 


V0L1 


Output Low Voltage 
(RD, WR, PSEN, ALE) 






.45 


V 


loL=1-8 mA 


V0L2 


Output Low Voltage (PROG) 






.45 


V 


loL=1-0 nnA 


V0L3 


Output Low Voltage 
(All Other Outputs) 






.45 


V 


loL=1-6 mA 


VOH 


Output High Voltage (BUS) 


2.4 






V 


loH = - 400 mA 


V0H1 


Output High Voltage 
(RD, WR, PSEN, ALE) 


2.4 






V 


Ioh=-iooma m 


VoH2 


Output High Voltage 
(All Other Outputs) 


2.4 






V 


Ioh=-40mA M 


lu 


Input Leakage Current (T1, INT) 






±10 


mA 


Vss<V,N<Vcc 


lui 


Input Leakage Current 
(P10-P17, P20-P27, EA, SS) 






-500 


mA 


Vss+.45<V,N<Vcc 


Ilo 


Output Leakage Current (BUS, TO) 
(High Impedance State) 






±10 


mA 


Vss+-45<V,N<Vcc 


'dd 


Vdd Supply Current 




5 


15 


mA 




Idd+ 'cc 


Total Supply Current 




60 


135 


mA 





BUS 



P1, P2 



BUS, P1, P2 




OV 2V 



VOH 





OV 2V 
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WAVEFORMS 

instruction Fetch From External Program Memory 



Read From External Data Memory 



BUS FLOATING 



x: 



I 



AFc|"« kc ^1 TcA |-»— 



1 



J L 



1 



\* *CC »^ tcA [» 



FLOATilMG 



' I V FLOATING V V FLOATING V BUS FLOATING )^DRESSy^ ^ A^^^^^ ^'-°^"^' 



INSTRUCTION 



Write to Externa! Data Memory 



Input and Output Waveforms for A.C. Tests 



J 



1 





h- 


tcc 


«CA 


h 












bw- 








— ■ \ /■■'- \ y — ■ 







,J!^ 



I 



2.4 • 
0.45 " 






"TEST POINTS' 



K 



A.C. CHARACTERISTICS T^ = o°c to 70°c, Vcc= Vp^ = +5V ±io% , Vss= ov 


Symbol 


Parameter 


8048 

8648 

8748/8035/8035L 


8748-8* 
8035-8 


Unit 


Conditions (Note 1) 




Min. 


Max. 


Min. 


Max. 




tLL 


ALE Pulse Width 


400 




600 




ns 




tAL 


Address Setup to ALE 


120 




150 




ns 




tLA 


Address Hold from ALE 


80 




80 




ns 




tec 


Control Pulse Width (PSEN, RD,WR) 


700 




1500 




ns 




^DW 


Data Setup before WR 


500 




640 




ns 




tWD 


Data Hold After WR 


120 




120 




ns 


Cl = 20pF 


tCY 


Cycle Time 


2.5 


15.0 


4.17 


15.0 


MS 


6MH2XTAL = 2.5 
(3.6MH2XTALfor -8) 


tDR 


Data Hold 





200 





200 


ns 




tRD 


PSEN, RD to Data In 




500 




750 


ns 




tAW 


Address Setup to WR 


230 




260 




ns 




^AD 


Address Setup to Data In 




950 




1450 


ns 




Ufc 


Address Float to RD, PSEN 












ns 




tCA 


Control Pulse to ALE 


10 




20 




ns 




Note 1 : Control outputs: Cl = 80 pF tcY = 2.5 ^S for standard parts * Vqc and Vpo for 8748-8 and 8035-8 are ± 5% . 
BUS Outputs: Cl = 150 pF = 4.17 p<s for -8 parts 
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A.C. CHARACTERISTICS (PORT 2 TIMING) 

Ta = 0°C to 70° C, Vcc = 5V±10%, Vss = OV 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


tCP 


Port Control Setup Before Falling 
Edge of PROG 


110 




ns 




tpc 


Port Control Hold After Falling 
Edge of PROG 


100 




ns 




tPR 


PROG to Time P2 Input Must Be Valid 




810 


ns 




tPF 


Input Data Hold Time 





150 


ns 




tDP 


Output Data Setup Time 


250 




ns 




tPD 


Output Data Hold Time 


65 




ns 




tpp 


PROG Pulse Width 


1200 




ns 




tPL 


Port 2 I/O Data Setup 


350 




ns 




tLP 


Port 2 I/O Data Hold 


150 




ns 





PORT 2 TIIMING 



^^ 



EXPANDER 
PORT 



DC 



EXPANDER 
PORT 



DC 



y — V 



>: 



>: 



PORT 203 DATA 



>: 



PORT 2o3 DATA 



PORT CONTROL 



PORT CONTROL 



>: 



/~ 



■ 



OUTPUT DATA 



:kizd(. 



:c 



INPUT 
DATA 



:c 



/ 
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CRYSTAL OSCILLATOR MODE 



DRIVING FROM EXTERNAL SOURCE 



0-15 pF 
(INCLUDES XTAL -L. 
SOCKET, STRAY) 



1-6 mHz 



-€> 



15-25 pF =: 
(INCLUDES SOCKET, 

STRAY) -±r 



CRYSTAL SERIES RESISTANCE SHOULD BE <75Q AT 6 MHz; <180Q AT 3.6 MHz. 



BOTH XI AND X2 SHOULD BE DRIVEN. 

RESISTORS TO Vcc ARE NEEDED TO ENSURE V|h = 3.8V IF TTL CIRCUITRY IS 

USED. THE MINIMUM HIGH AND THE MINIMUM LOW TIMES ARE 45%. 



LC OSCILLATOR MODE 



45 mH 20 pF 
120 mH 20 pF 



5.2 MHz 
3.2 MHz 



~ 2nVLC' 



C + 3Cpp 
2 



Cpp = 5- 10 pF PINTO-PIN 
CAPACITANCE 



EACH C SHOULD BE APPROXIMATELY 20 pF, INCLUDING STRAY CAPACITANCE. 



PROGRAMMING, VERIFYING, AND 
ERASING THE 8748 EPROM 

Programming Verification 

In brief, the programming process consists of: activating 
the program mode, applying an address, latching the 
address, applying data, and applying a programming pulse. 
Each word is programmed completely before moving on to 
the next and is followed by a verification step. The follow- 
ing is a list of the pins used for programming and a descrip- 
tion of their functions: 



Pin 


Function 


XTAL1 


Clock Input (1 to6MHz) 


Reset 


Initialization and Address Latching 


TestO 


Selection of Program or Verify Mode 


EA 


Activation of Program/Verify Modes 


BUS 


Address and Data Input 




Data Output During Verify 


P20-1 


Address Input 


Vdd 


Programming Power Supply 


PROG 


Program Pulse Input 



WARNING: 

An attempt to program a missocketed 8748 will result in severe 
damage to the part. An indication of a properly socketed part is the 
appearance of the ALE clock output. The lack of this clock may 
be used to disable the programmer. 

The Program/Verify sequence is: 

1. Vpp = 5v, Clock applied or internal oscillator operating, 
RESET = Ov, TEST = 5v, EA = 5v, BUS and PROG 



10. 
11. 
12. 
13. 
14. 
15. 



floating. 

Insert 8748 in programming socket 
TEST = Ov (select program mode) 
EA = 23V (activate program mode) 
Address applied to BUS and P20-1 



RESET = 5v (latch address) 

Data applied to BUS 

VpQ= 25v (programming power) 

PROG = Ov followed by one 50ms pulse to 23V 

Vqd = 5v 

TEST = 5v (verify mode) 

Read and verify data on BUS 

TEST = Ov 



RESET = Ov and repeat from step 5 

Programmer should be at conditions of step 1 when 8748 
is removed from socket. 
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AC TIMING SPECIFICATION FOR PROGRAMMING 

Ta = 25°C ± 5°C, Vcc = 5V ± 5%. Vdd = 25V ± 1V 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


tAW 


Address Setup Time to RESET t 


4tcy 








tWA 


Address Hold Time After RESET f 


4tcy 








tow 


Data in Setup Time to PROG t 


4tcy 








tWD 


Data in Hold Time After PROG 1 


4tcy 








tPH 


RESET Hold Time to Verify 


4tcy 








tVDDW 


Vdd 


4tcy 








tVDDH 


Vdd Hold Time After PROG i 











tPW 


Program Pulse Width 


50 


60 


mS 




tTW 


Test Setup Time for Program Mode 


4tcy 








tWT 


Test Hold Time After Program Mode 


4tcy 








too 


Test to Data Out Delay 




4tcy 






tww 


RESET Pulse Width to Latch Address 


4tcy 








tr, tf 


Vdd and PROG Rise and Fall Times 


0.5 


2.0 


MS 




tCY 


CPU Operation Cycle Time 


5.0 




MS 




tRE 


RESET Setup Time Before EA f. 


4tcy 









Note: If Test is high too can be triggered by RESET t. 



DC SPECIFICATION FOR PROGRAMMING 

Ta = 25°C ± S^'C, Vcc = 5V ± 5%, Vdd = 25V ± IV 



Symbol 


Parameter 


Min. 


IMax. 


Unit 


Test Conditions 


Vdoh 


Vdd Program Voltage High Level 


24.0 


26.0 


V 




Vddl 


Vdd Voltage Low Level 


4.75 


5.25 


V 




VPH 


PROG Program Voltage High Level 


21.5 


24.5 


V 




VPL 


PROG Voltage Low Level 




0.2 


V 




Veah 


EA Program or Verify Voltage High Level 


21.5 


24.5 


V 


8748 


Veahi 


EA1 Verify Voltage High Level 


11.4 


12.6 


V 


8048 


Veal 


EA Voltage Low Level 




5.25 


V 




Idd 


Vdd High Voltage Supply Current 




30.0 


mA 




IPROG 


PROG High Voltage Supply Current 




16.0 


mA 




lEA 


EA High Voltage Supply Current 




1.0 


mA 





■ 
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WAVEFORMS FOR PROGRAMMING 



COMBINATION PROGRAM/VERIFY MODE (EPROM'S ONLY) 




+5- 
+23- 



/ ADDRESS \/ 
'""""^ (0-7) VALID A 



DATA TO BE 
PROGRAMMED VALID 



p p LAST 

'^20-'^ 1 ADDRESS 



X 



ADDRESS (8-9) VALID 



7 




\ 



-tVDDH 

I twT- 



\_ / V DATA \ / NEXT ADDR ^^ 



\L..- 



_/■ 



■"V 



NEXT 
ADDRESS 



VERIFY MODE (ROM/EPROM) 



\ 



/■ 



\ 



/ 



\ 



^-< 



ADDRESS 
(0-7) VALID 



XDATA OUT \_ _/ 



NEXT 
ADDRESS 



X NEXT DATA \^ 
OUT VALID /" ' 



X 



ADDRESS (8-9) VALID 



X 



NOTES: 

1. PROG MUST FLOAT IF EA IS LOW (i.e., #23V), OR IF TO = 5V FOR THE 8748. FOR THE 
8048 PROG MUST ALWAYS FLOAT. 

2. Xi AND X2 DRIVEN BY 3 MHz CLOCK WILL GIVE B^/sec tCY- THIS IS ACCEPTABLE FOR 
-8 PARTS AS WELL AS STANDARD PARTS. 



NEXT ADDRESS VALID 



The 8748 EPROM can be programmed by either of two Note: see the ROM/PROM section for 8048 ROM ordering procedures. 
Intel oroduCtS" ^° minimize turnaround time on the first 25 pieces 8648 may be 

specified on the ROM order. 

1. PROMPT-48 Microcomputer Design Aid, or 

2. Universal PROM Programmer (UPP series) peripheral 
of the Intellec® Development System with a UPP-848 
Personality Card. 
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NEW HIGH PERFORMANCE 

8049/8039/8039-6 

SINGLE COMPONENT 8-BIT MICROCOMPUTER 

*8049 Mask Programmable ROM 
*8039 External ROM or EPROM 
*New 11 MHz Operation 



8-Bit CPU, ROM, RAM, I/O in 
Single Package 

Single 5V ± 10% Supply 

1.36 ^sec Cycle; All Instructions 
1 or 2 Cycles 

Over 90 Instructions: 70% Single Byte 

Pin Compatible with 8048/8748 



2K X 8 ROM 
128x8 RAM 
27 I/O Lines 

Interval Timer/Event Counter 

Easily Expandable Memory and I/O 

Compatible with MCS Memory and I/O 

Single Level Interrupt 



The Intel® 8049/8039/8039-6 is a totally self-sufficient 8-bit parallel connputer fabricated on a single silicon chip using 
Intel's N-channel silicon gate MOS process. 

The 8049 contains a 2Kx8 program nnemory, a 128x8 RAM data memory, 27 I/O lines, and an 8-bit timer/counter in 
addition to on board oscillator and clock circuits. For systems that require extra capability, the 8049 can be expanded 
using standard memories and MCS-80^'^/MCS-85^'^ peripherals. The 8039 is the equivalent to an 8049 without program 
memory. The 8039-6 is a lower speed (6MHz) version of the 8039. 

To reduce development problems to a minimum and provide maximum flexibility, two interchangeable pin-compatible 
versions of this single component microcomputer exist: the 8049 with factory-programmed mask ROM program 
memory for low-cost high volume production, and the 8039 without program memory for use with external program 
memories in prototype and preproduction systems. 

This microprocessor is designed to be an efficient controller as well as an arithmetic processor. The 8049 has exten- 
sive bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory 
results from an instruction set consisting mostly of single byte instructions and no instructions over two bytes in 
length. 



■ 



PIN CONFIGURATION 



TOC 1 
XTAL iC 2 
XTAL 2(1 3 

resItC 4 

SSC 5 

INtC 6 

EAC 7 

RDC 8 

PSENC 9 

wrC 10 
aleC 11 

DBqC 12 

DB^C 13 

DBjC 14 

DB3C 15 

DB4C 16 

DB5I: 17 

DBgC 18 

DB7C 19 

VssC 20 



8049 
8039 



iTION 




LOGIC SYMBOL 


DVcc 
DTI 

I]P27 


XTAL- 


r__ 




Ci>^" 


DP26 




_: — *- 






DP25 
I]P24 


RESET ► 




(X>'°r 


Dpi? 


SINGLE 






I|P16 


STEP 




►READ 


Dpib 


EXTERNAL 






DP14 


MEM 


8049 




DP13 






►WRITE 












DP12 


TEST- 








Upii 








PROGRAM 


Upio 






►STORE 

ENABLE 


::voD 


INTERRUPT «► 






Uprog 






ADDRESS 
► LATCH 


:]P23 






ENABLE 


DP22 
DP21 


BUS<^ 




PORT 
^EXPANDER 


:iP2o 








STROBE 



BLOCK DIAGRAM 



2048 WORDS 
PROGRAM 
MEMORY 



7\ 



128 WORDS 
DATA 
MEMORY 



8-BIT 
CPU 



Y\ 



<Z. 



\7 



8-BIT 

TIMER/ 

EVENT COUNTER 
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PIN DESCRIPTION 



Designation 


Pin# 


Function 


Vss 


20 


Circuit GND potential 


Vdd 


26 


+5V during operation. Low power 
standby pin. 


Vcc 


40 


Main power supply; +5V during 
operation. 


PROG 


25 


Output strobe for 8243 I/O 
expander. 


P10-P17 
Porti 
P20-P27 
Port 2 


27-34 

21-24 
35-38 


8-bit quasi-bidirectional port. 
8-bit quasi-bidirectional port. 

P9n.P9.'^ mntain thp four hinh 



Designation Pin # Function 



order program counter bits during 
an external program memory fetch 
and serve as a 4-blt I/O expander 
bus for 8243 

D0-D7 12-19 True bidirectional port which can 

BUS be written or read synchronously 

using the RD, WR strobes. The 
port can also be statically latched. 

Contains the 8 low order program 
counter bits during an external 
program memory fetch, and receives 
the addressed instruction under the 
control of PSEN. Also contains the 
address and data during an external 
RAM data store instructi on, u nder 
control of ALE, RD, and WR. 

TO 1 Input pin testable using the con- 

ditional transfer Instructions JTO 
and JNTO. TO can be designated as 
a clock output using ENTO CLK 
instruction. 

T1 39 Input pin testable using the JT1, 

and JNT1 Instructions. Can be des- 
ignated the timer /counter input using 
the STRT CNT instruction. 

INT ^ Interrupt input. Initiates an inter- 

rupt if interrupt is enabled. Inter- 
rupt is disabled after a reset. Also 
testable with conditional jump 
instruction. (Active low) 



RD 



RESET 



WR 



ALE 



PSEN 



SS 



EA 



XTAL1 



XTAL2 



8 Output strobe activated during a ' 
BUS read. Can be used to enable 
data onto the BUS from an external 
device. 

Used as a Read Strobe to External 
Data Memory, (Active low) 

4 Input which is used to initialize the 
processor. Also used during verifi- 
cation, and power down. (Active 
low) (NonTTL V|h) 

10 Output strobe during a BUS write. 
(Active low) 

Used as write strobe to External 
Data Memory. 

1 1 Address Latch Enable. This signal 
occurs once during each cycle and 
is useful as a clock output. 

The negative edge of ALE strobes 
address into external data and pro- 
gram memory. 

9 Program Store Enable. This output 
occurs only during a fetch to exter- 
nal program memory. (Active low) 

5 Single step input can be used in con- 
junction with ALE to "single step" 
the processor through each in- 
struction. (Active low) 

7 External Access input which forces 

all program memory fetches to re- 
ference external memory. Useful 
for emulation and debug, and 
essential for testing and program 
verification. (Active high) 

2 One side of crystal input for inter- 
nal oscillator. Also input for exter- 
nal source. (Not TTL Compatible) 

3 Other side of crystal input. 
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INSTRUCTION SET 



Description 



Bytes Cycle 



Description 



Bytes Cycle* 





ADD A, R 


Add register to A 1 






ADD A, @R 


Add data memory to A 1 






ADD A, #data 


Add immediate to A 2 


2 




ADDC A, R 


Add register with carry 1 






ADDC A, @R 


Add data memory with carry 1 






ADDC A, #data 


Add immediate with carry 2 


2 




ANL A, R 


And register to A 1 






ANL A, @R 


And data memory to A 1 






ANL A, #data 


And immediate to A 2 


2 




ORLA, R 


Or register to A 1 




s 


ORLA, @R 


Or data memory to A 1 




3 


ORLA, #data 


Or immediate to A 2 


2 


t 

3 


XRLA. R 


Exclusive Or register to A 1 




< 


XRL A, @R 


Exclusive or data memory to A 1 




XRLA, #data 


Exclusive or immediate to A 2 


2 




INC A 


Increment A 1 






DEC A 


Decrement A 1 






CLR A 


Clear A 1 






CPLA 


Complement A 1 






DA A 


Decimal Adjust A 1 






SWAP A 


Swap nibbles of A 1 






RLA 


Rotate A left 1 






RLC A 


Rotate A left through carry 1 






RR A 


Rotate A right 1 






RRCA 


Rotate A right through carry 1 






IN A, P 


Input port to A 1 


2 




OUTLP, A 


Output A to port 1 


2 




ANLP, #data 


And immediate to port 2 


2 


3 


OR LP, #data 


Or immediate to port 2 


2 


3 


INS A, BUS 


Input BUS to A 1 


2 


o 


OUTLBUS, A 


Output A to BUS 1 


2 


I 


ANL BUS,#data 


And immediate to BUS 2 


2 


c 


ORL BUS,#data 


Or immediate to BUS 2 


2 




MOVD A, P 


Input Expander port to A 1 


2 




MOVD P, A 


Output A to Expander port 1 


2 




ANLD P, A 


And A to Expander port 1 


2 




ORLD P, A 


Or A to Expander port 1 


2 


£ 


INCR 


Increment register 1 


1 


."2 


INC @R 


Increment data memory 1 


1 




DECR 


Decrement register 1 


1 





JMP addr 


Jump unconditional 


2 


2 




JMPP @A 


Jump indirect 


1 


2 




DJNZR,addr 


Decrement register and skip 


2 


2 




JCaddr 


Jump on Carry = 1 


2 


2 




JNCaddr 


Jump on Carry = 


2 


2 




J Z addr 


Jump on A Zero 


2 


2 




JNZaddr 


Jump on A not Zero 


2 


2 




JTO addr 


Jump on TO = 1 


2 


2 




JNTOaddr 


Jump on TO = 


2 


2 


JT1 addr 


Jump on T1 = 1 


2 


2 




JNT1 addr 


Jump on T1 = 


2 


2 




JFOaddr 


Jump on F0= 1 


2 


2 




JFIaddr 


Jump on F1 = 1 


2 


2 




JTF addr 


Jump on timer flag 


2 


2 




JNI addr 


Jump on INT = 


2 


2 




JBbaddr 


Jump on Accumulator Bit 


2 


2 



c 


CALL 


Jump to subroutine 2 


2 


3 
O 


RET 


Return 1 


2 


CO 


RETR 


Return and restore status 1 


2 




CLR C 


Clear Carry 1 






CPL C 


Complement Car'-y 1 




^ 


CLR FO 


Clear Flag 1 




u. 


CPL FO 


Complement Flag 1 






CLR F1 


Clear Flag 1 1 






CPL F1 


Complement Flag 1 1 






MOV A, R 


Move register to A 1 






MOV A, @R 


Move data memory to A 1 






MOV A, #data 


Move immediate to A 2 






MOV R, A 


Move A to register 1 






MOV @R, A 


Move A to data memory 1 






MOV R,#data 


Move immediate to register 2 


2 


5 


MOV @R, #data Move immediate to data memory 2 


2 


1 


Move A, PSW 


Move PSW to A 1 




5 


MOV PSW, A 


Move A to PSW 1 




Q 


XCH A, R 


Exchange A and register 1 






XCHA,@R 


Exchange A and data memory 1 






XCHD A, @R 


Exchange nibble of A and register 1 






MOVX A, @R 


Move external data memory to A 1 


2 




MOVX @R, A 


Move A to external data memory 1 


2 




MOVP A, @A 


Move to A from current page 1 


2 




M0VP3 A, @A 


Move to A from Page 3 1 


2 




MOV A, T 


Read Timer/Counter 1 




& 


MOV T, A 


Load Timer/Counter 1 




3 


STRTT 


Start Timer 1 




6 


STRT CNT 


Start Counter 1 




1 


STOP TCNT 


Stop Timer/Counter 1 




E 


EN TCNTl 


Enable Timer/Counter Interrupt 1 




DISTCNTI 


Disable Timer/Counter Interrupt 1 






EN 1 


Enable external interrupt 1 






DISI 


Disable external interrupt 1 




2 


SELRBO 


Select register bank 1 




^ 


SELRB1 


Select register bank 1 1 




o 


SELMBO 


Select memory bank 1 






SELMB1 


Select memory bank 1 1 






ENTO CLK 


Enable Clock output on TO 1 





NOP 



No Operation 



Mnemonics copyright Intel Corporation 1976, 1977, 1978 
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ABSOLUTE MAXIMUM RATINGS^ 

Ambient Temperature Under Bias 0°Cto70°C 

Storage Temperature -65° C to +1 50° C 

Voltage on Any Pin With 

Respect to Ground -0.5V to +7V 

Power Dissipation 1.5 Watt 



^COMMENT: Stresses above thosejis^ted ai^^HfigApsolute 
Maximum Ratings" may cause permanent datni^$e^tg^ the 
device. This is a stress rating only a.nd'<'fanbii^h§i^ 
operation of the device at these or any oth^r^ canditidfM ^t2 „i 
above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may 
affect device reliability. 



D.C. AND OPERATING CHARACTERISTICS Ta = o°cto 70°c, Vcc = Vqd = +5V ±10%, Vss = ov 





Parameter 


Limits 


Unit 




Symbol 


Min. 


Typ. 


Max. 


Test Conditions 


V|L 


Input Low Voltage 


-0.5 




0.8 


V 




V|H 


Input High Voltage 


2.0 




Vcc 


V 






(All Except XTAL1, XTAL2, RESET) 




V|H1 


Input High Voltage (RESET, X1, X2) 


3.8 




Vcc 


V 




Vol 


Output Low Voltage 

(BUS, RD,WR, PSEN,ALE) 






0.45 


V 


l0L = 2.0mA 


VOLI 


Output Low Voltage 

(All Other Outputs Except PROG) 






0.45 


V 


l0L = 1.6mA 


V0L2 


Output Low Voltage (PROG) 






0.45 


V 


loL = 1.0mA 


VOH 


Output High Voltage 

(BUS, RD,WR, PSEN,ALE) 


2.4 






V 


Ioh=-iooma 


VOHI 


Output High Voltage 
(All Other Outputs) 


2.4 






V 


loH=-50iuA 


l|L 


Input Leakage Current 
(T1,INT) 






±10 


MA 


Vss<V,N<Vcc 


loL 


Output Leakage Current (Bus, TO) 
(High Impedance State) 






±10 


/iA 


Vss + 0.45 <V,N< Vcc 


'dd 


Power Down Supply Current 




25 


50 


mA 


Ta = 25°C 


'dd+'cc 


Total Supply Current 




100 


170 


mA 


Ta = 25°C 



A.C. CHARACTERISTICS Ta = o°c to 70°c 


,Vcc = 


Vdd = +5V±10%, Vss = ( 


DV 






Parameter 


8049/8039 
(Note 1) 


8039-6 


Unit 




Symbol 


Min. Max. 


Min. 


Max. 


Conditions (Note 2) 


tLL 


ALE Pulse Width 


150 




400 




ns 




tAL 


Address Setup to ALE 


70 




150 




ns 




tLA 


Address Hold from ALE 


50 




80 




ns 




tec 


Control Pulse Width (PSEN, RD, WR) 


300 




700 




ns 




tow 


Data Set-Up Before WR 


250 




500 




ns 




twD 


Data Hold After WR 


40 




120 




ns 


Cl = 20pF 


tCY 


Cycle Time 


1.36 


15.0 


2.5 


15.0 


MS 


11MHz XTAL 
(6MHz XTAL for -6) 


toR 


Data Hold 





100 





200 


ns 




tpD 


PSEN, RD to Data In 




200 




500 


ns 




^AW 


Address Setup to WR 


200 




230 




ns 




tAD 


Address Setup to Data In 




400 




950 


ns 




^AFC 


Address Float to RD, PSEN 


-10 









ns 





Notes: 1. 8039-6 specifications are also valid for 8049/8039 operating at 6MHz. 
2. Control Outputs: Cl = 80pF 
BUS Outputs: C|_=150pF 
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WAVEFORMS 



INSTRUCTION FETCH FROM EXTERNAL PROGRAM MEMORY 

-tcY- 
^ tLL .- 

ALE 




PSEN 



BUS FLOATING 



ADDRESS^ 



y: 



-kc- 



yf^ FLOATING V \^ FLOATING V 



INSTRUCTION 



READ FROM EXTERNAL DATA MEMORY 



ALE 



RD 



J 



L 



FLOATING 

/ 



BUS floating^AddressV y\^^"''^yv floating 



WRITE TO EXTERNAL DATA MEMORY 



ALE 



WR 



J 



L 



-*cc- 



*DW 



■*WD 



BUS FLOATINCy/ADDRESsVpLOATINGY DATA V^ 
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Intel 



8243 
MCS-48^- INPUT/OUTPUT EXPANDER 



Low Cost 

Simple Interface to MCS-48 

computers 

Four 4-Bit I/O Ports 

AND and OR Directly to Ports 



■ 24-Pin DIP 
Micro- ■ Single 5V Supply 

■ High Output Drive 

■ Direct Extension of Resident 8048 I/O 
Ports 



The Intel® 8243 is an input/output expander designed specifically to provide a low cost means of I/O expansion for the 
MGS-48^'" family of single chip microcomputers. Fabricated in 5 volts NMOS, the 8243 combines low cost, single supply 
voltage and high drive current capability. 

The 8243 consists of four 4-bit bidirectional static I/O ports and one 4-bit port which serves as an interface to the MCS-48 
microcomputers. The 4-bit interface requires that only 4 I/O lines of the 8048 be used for I/O expansion, and also allows 
multiple 8243's to be added to the same bus. 

The I/O ports of the 8243 serve as a direct extension of the resident I/O facilities of the MCS-48 microcomputers and are 
accessed by their own MOV, ANL, and ORL instructions. 



PIN CONFIGURATION 



BLOCK DIAGRAM 



P50C 


1 ^ 


^ 24 


HVcc 


P40C 


2 


23 


DP51 


P41C 


3 


22 


DP52 


M2C 


4 


21 


DP53 


P43C 


5 


20 


DP60 


CSC 


6 82^- '^ 


DP61 


progC 


7 


18 


DP62 


P23C: 


8 


17 


DP63 


P22C 


9 


16 


3P73 


P21C 


10 


15 


DP72 


P20C 


11 


14 


DP71 


gndC 


12 


13 


DP70 



o 



'<X> 



ADDRESS 
DECODER 



> 



INSTRUC. 
DECODER 




r7> 



INPUT 
BUFFER 



1> 



4 > PORT 4 



a 



> 



PROG 



■0> 



IZ. 



Su 



AND/OR 
LOGIC 



RESET 
CIRCUIT 



INPUT 
BUFFER 



:> 



4 > PORT 5 



CJ 



> 



INPUT 
BUFFER 



\> 



4 > PORT 6 



b 



INPUT 
BUFFER 



CJ 
C 
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PIN DESCRIPTION 



Symbol 



Pin No. 



Function 



PROG 



CS 



P20-P23 



GND 


12 


P40-P43 


2-5 


P50-P53 


1,23-21 


P60-P63 


20-17 


P70-P73 


13-16 



^CC 



7 Clock Input. A high to low 

transistion.on PROG signifies 
that address and control are 
available on P20-P23, and a low 
to high transition signifies that 
data is available on P20-23. 

6 Chip Select Input. A high ones 

inhibits any change of output or 
internal status. 

11-8 Four (4) bit bi-directional port 
contains the address and con- 
trol bits on a high to low 
transition of PROG. During a 
low to high transition contains 
the data for a selected output 
port if a write operation, or the 
data from a selected port before 
the low to high transition if a 
read operation. 

volt supply. 

Four (4) bit bi-directional I/O 
ports. May be programmed 
to be input (during read), 
low impedance latched output 
(after write) or a tri-state (after 
read). Data on pins P20-23 may 
be directly written, ANDed or 
ORed with previous data. 
24 +5 volt supply. 



FUNCTIONAL DESCRIPTION 
General Operation 

The 8243 contains four 4-bit I/O ports which serve as an 
extension of the on-chip I/O and are addressed as ports 4- 
7. The following operations may be performed on these 
ports: 

• Transfer Accumulator to Port. 

• Transfer Port to Accumulator. 

• AND Accumulator to Port. 

• OR Accumulator to Port. 

All communication between the 8048 and the 8243 occurs 
over Port 2 (P20-P23) with timing provided by an output 
pulse on the PROG pin of the processor. Each transfer 
consists of two 4-bit nibbles: 

The first containing the "op code" and port address and 
the second containing the actual 4-bits of data. 



A high to low transition of the PROG line indicates that 
address is present while a low to high transition indicates 
the presence of data. Additional 8243's may be added to 
the 4-bit bus and chip selected using additional output 
lines from the 8048/8748/8035. 

Power On Initialization 

Initial application of power to the device forces 
input/output ports 4, 5, 6, and 7 to the tri-state and port 2 to 
the input mode. The PROG pin may be either high or low 
when power is applied. The first high to low transition of 
PROG causes device to exit power on mode. The power on 
sequence is initiated if Vqc di'ops below IV. 



P21 P20 


Address Code 


P23 


P22 Instruction Code 







Port 4 





Read 


1 




Port 5 





1 Write 


1 




Port 6 


1 


ORLD 


1 1 




Port 7 


1 


1 ANLD 


Write IVIodes 









The device has three write modes. MOVD Pi, A directly 
writes new data into the selected port and old data is lost. 
ORLD Pi, A takes new data, OR's it with the old data and 
then writes it to the port. ANLD Pi, A takes new data AND's 
it with the old data and then writes it to the port. Operation 
code and port address are latched from the input port 2 on 
the high to low transition of the PROG pin. On the low to 
high transition of PROG data on port 2 is transferred to the 
logic block of the specified output port. 

After the logic manipulation is performed, the data is 
latched and outputed. The old data remains latched until 
new valid outputs are entered. 

Read Mode 

The device has one read mode. The operation code and 
port address are latched from the input port 2 on the high 
to low transition of the PROG pin. As soon as the read 
operation and port address are decoded, the appropriate 
outputs are tri-stated, and the input buffers switched on. 
The read operation is terminated by a low to high 
transition of the PROG pin. The port (4, 5, 6 or 7) that was 
selected is switched to the tri-stated mode while port 2 is 
returned to the input mode. 

Normally, a port will be in an output (write mode) orinput 
(read mode). If modes are changed during operation, the 
first read following a write should be ignored; all follow- 
ing reads are valid. This is to allow the external driver on 
the port to settle after the first read instruction removes 
the low impedance drive from the 8243 output. A read of 
any port will leave that port in a high impedance state. 



■ 
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ABSOLUTE MAXIMUM RATINGS^ 



Ambient Temperature Under Bias 0°C to 70°C 

Storage Temperature -65°C to +150°C 

Voltage on Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation ,. . 1 Watt 



*COMMENT: Stresses above those listed under "Absolute 
Maximurr) Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. AND OPERATING CHARACTERISTICS 

Ta = 0°C to 70°C, Vcc = 5V ±10% 



SYMBOL 


PARAMETER 


MiN. 


TYP. 


MAX. 


UNITS 


TEST CONDITIONS 


V|L 


Input Low Voltage 


-0.5 




0.8 


V 




V,H 


Input High Voltage 


2.0 




Vcc+0.5 


V 




VOLI 


Output Low Voltage Ports 4-7 






0.45 


V 


loL= 5 mA* 


V0L2 


Output Low Voltage Port 7 






1 


V 


Iql = 20 mA 


VOHI 


Output High Voltage Ports 4-7 


2.4 






V 


loH=240iuA 


l|L1 


Input Leakage Ports 4-7 


-10 




20 


ma 


Vin=VcctoOV 


l|L2 


Input Leakage Port 2, CS, PROG 


-10 




10 


mA 


Vi,= VcctoOV 


V0L3 


Output Low Voltage Port 2 






.45 


V 


IOL=0-6 mA 


'cc 


Vcc Supply Current 




10 


20 


mA 




VoH2 


Output Voltage Port 2 


2.4 








loH=100iuA 


•OL 


Sum of all IOl from 16 Outputs 






80 


mA 


5 mA Each Pin 



*See following graph for additional sink current capability 



A.C. CHARACTERISTICS 

T. = 0°C to 70°C, Vcc = 5V ±10% 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


TEST CONDITIONS 


tA 


Code Valid Before PROG 


100 




ns 


80 pF Load 


tB 


Code Valid After PROG 


60 




ns 


20 pF Load 


tc 


Data Valid Before PROG 


200 




ns 


80 pF Load 


to 


Data Valid After PROG 


20 




ns 


20 pF Load 


tH 


Floating After PROG 





150 


ns 


20 pF Load 


tK 


PROG Negative Pulse Width 


700 




ns 




tcs 


CS Valid Before/After PROG 


50 




ns 




I^PO 


Ports 4-7 Valid After PROG 




700 


ns 


100 pF Load 


tLPI 


Ports 4-7 Valid Before/After PROG 


100 




ns 




Ucc 


Port 2 Valid After PROG 




650 


ns 


80 pF Load 
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WAVEFORMS 



\ 



A 



-»-tB-^ 



^sj V SJ V 

X INSTRUCTION V FLOAT V DATA X 

J\ A A A 



Xyi OUTPUT \x 

^\ fi A. 



PR EVIOUS OUTPUT VALID 



t|P 






INPUT VALID 



X 



OUTPUT 
VALID 



X 



-*-tcs-»^ 



/ 
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125 

< 

--^ 100 

p 

K 75 
Z 

UJ 
CL 
CC 

o 50 

z 

00 



25 



O 



GUARANTEED WORST CASE 
CURRENT SINKING 
CAPABILITIES OF ANY I/O 
PORT PIN vs. TOTAL SINK 
CURRENT OF ALL PINS 



-L 



8 



10 11 12 13 



MAXIMUM SINK CURRENT ON ANY PIN@.45V 
MAXIMUM loL WORST CASE PIN (mA) 



Sink Capability 

The 8243 can sink 5 mA@ .45V on each of its 16 I/O lines 
Simultaneously. If, however, all lines are not sini^ing 
Simultaneously or all lines are not fully loaded, the drive 
capability of any individual line increases as is shown by 
the accompanying curve. 

For example, if only 5 of the 16 lines are to sink current 
at one time, the curve shows that each of those 5 lines is 
capable of sinking 9 mA@.45V (If any lines are to sink 
9 mA the total Iql must not exceed 45 mA or five 9 mA 
loads). 

Example: How many pins can drive 5 TTL loads (1 .6 mA) 
assuming remaining pins are unloaded? 

loL=5 X 1.6 mA = 8 mA 
£loL = 60 mA from curve 
# pins = 60 mA ^ 8 mA/pin = 7.5 = 7 

In this case, 7 lines can sink 8 mA for a total 
of 56 mA. This leaves 4 mA sink current capa- 
bility which can be divided in any way among 
the remaining 8 I/O lines of the 8243. 



Example: This example shows how the use of the 20 
mA sink capability of Port 7 affects the sink- 
ing capability of the other I/O lines. 



An 8243 will drive the following loads simul- 
taneously. 



2 loads ~ 20 mA@1V (port 7 only) 

8 loads — 4 mA@.45V 

6 loads — 3.2 mA@.45V 

Is this within the specified limits? 



£loL=(2 x 20) + (8 X 4)-H(6 X 3.2) = 91.2 mA. 
From the curve: for Iol= ^ i^riA, eIql ~ 93 mA 
since 91.2 mA < 93 mA the loads are within 
specified limits. 



Although the 20 mA@1V loads are used in 
calculating eIqu 't is the largest current re- 
quired®. 45V which determines the maximum 
allowable eIql- 



Note: A 10 to 50Kf2 pullup resistor to +5V should be added to 8243 outputs when driving to 5V CMOS directly. 
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EXPANDER INTERFACE 



OO'' 



8048 



c 



]TEST 
J INPUTS 



c 



^ 



fl 



> 

> 
> 



OUTPUT EXPANDER TIMING 



\ 



y 



-<i::^ 



ADDRESS (4-BITS) DATA (4-BITS) 



OOn READ 
01 I WRITE 
10 f OR 
1lJ AND 



00 -] 

01 I PORT 

10 I ADDRESS 



CO 



PROG P20-3 

7S~ 






PROG P20-3 

7>" 






PROG P20-3 



z\ 






PROG P20-3 






I 



USING MULTIPLE 8243's 
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MCS-80/85' 
Microprocessors 9 



MCS-80/85^'^ MICROPROCESSORS 



INTRODUCTION 

The MCS-80 and MCS-85 have become the industry standard 8-bit microcomputer systems. Their wide usage is due to 
many factors, among them total system support in terms of the largest family of state-of-the-art processors, memories, 
and peripheral components. Many of these are described in the pages that follow. In addition, system designers using 
the 8080A and 8085A have the benefit of the world's largest and most Usable set of microcomputer development tools 
(see section 12). 

The MCS-85 components are of particular interest for new microcomputer designs. Systems designed around the 
8085A and the new 8085A-2 offer the highest performance-to-cost ratios in the industry. Higher speed, single power 
supply requirement, and low component count while maintaining total MCS-80 software compatibility are key features 
of the MCS-85 system. 



lEh 



H 



S 



H 



ROM 
MEMORY 


RAM 
MEMORY 



iz 



• PROVEN 
PERFORMANCE 

• WEALTH OF 
SOFTWARE 

• EXTENSIVE DEVELOP- 
MENT TOOLS 

• NEW COMPONENTS 
CONTINUALLY 
BEING DEVELOPED 

• LOW COST 



H 








STANDARD 
RAMS 




> 


STANDARD 
ROMs 






STANDARD 
I/O 







Figure 1. MCS-80^"" - Foundation for MCS-85™ 



Figure 2. MCS-85™ — The New Industry Standard 



Note: For more detailed Information on the 8080A and 8085A microcomputer families, please consult the follow- 
ing: 

MCS-80™ User's Manual (order number 98-1 53D) — Price $7.50 
MCS-85™ User's Manual (order number 98-366E) — Price $5.00 

Available from Intel, Literature Dept., 3065 Bowers Ave., Santa Clara, CA 95051 
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Recommended Products For 
New 8085A Microcomputer Applications 



Function 


Part No. 


Page No. 


Description 


Memory and I/O 


8155/8156* 


9-70 


RAM-I/O-Tlmer 


Expanders for 


8185* 


9-77 


1Kx8 Static Ram 


MCS-85 


8355* 


9-127 


ROM-l/0 




8755A 


9-132 


EPROM-l/0 


RAMs (Static) 


2114 


3-54 


1Kx4 




2142 


3-96 


1Kx4 


RAMs (Dynamic) 


2117 


3-64 


16Kx1 




2118 


3-88 


16Kx1 


RAM Support 


8202 


11-14 


Dynamic RAM Controller 


Circuits 








ROMs 


2316E 


4-12 


2Kx8 


EPROMs 


2716 


4-23 


2Kx8 




2732 


4-28 


4Kx8 




2758 


4-31 


1Kx8 


Microprocessor 


8205 


9-29 


1-of-8 Decoder 


Support Circuits 


8257-5 


9-92 


DMA Controller 




8259A 


9-109 


Interrupt Controller 




8282 


10-23 


8-Bit Non-Inverting Latch 




8283 


10-23 


8-Bit Inverting Latch 




8286 


10-33 


8-Bit Non-Inverting Transceiver 




8287 


10-33 


8-Bit Inverting Transceiver 


Peripherals 


8251 A 


11-24 


USART 




8253-5 


11-32 


Interval Timer 




8255A-5 


11-43 


PPI 




8271 


11-64 


Floppy Disk Controller 




8273 


11-93 


SDLC Controller 




8275 


11-118 


CRT Controller 




8278 


11-142 


Keyboard/Display Controller 




8279-5 


11-152 


Keyboard/Display Controller 




8291 


11-164 


GPIB Talker/Listener 




8292 


11-188 


GPIB Controller 




8294 


11-190 


Data Encrypter 




8295 


11-201 


Dot Matrix Printer Controller 




8041/8741 


11-3 


Universal Peripheral Interface 



*For maximum performance use 8155-2/8156-2, 8185-2, and 8355-2 with the high performance 8085A-2 CPU. 
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8008/8008-1 
8-BIT MICROPROCESSOR 



Instruction Cycle Time — 1.25 jks with 
8008-1 or 20 ^s with 8008 

Directly Addresses 16K x 8 Bits of 
Memory (RAM, ROM, or S.R.) 

Interrupt Capability 



48 Instructions, Data Oriented 

Address Stack Contains 8 14-Bit 
Registers (Including Program Counter) 
Which Permit Nesting of Subroutines 
Up to 7 Levels 



The Intel® 8008 Is a single chip MOS 8-blt parallel central processor unit (CPU) for the MCS-8 microcomputer system. 

This CPU contains 6 8-bit data registers, an 8-bit accumulator, 2 8-bit temporary registers, 4 flag bits (carry, zero, sign, 
parity), and an 8-bit parallel binary arithmetic unit which implements addition, subtraction, and logical operations. A 
memory stack containing a 14-blt program counter and 7 14-blt words Is used internally to store program and 
subroutine addresses. The 14-bit address permits the direct addressing of 16K words of memory (any mix of RAM, 
ROM, or S.R.). 

The Instruction set of the 8008 consists of 48 instructions including data manipulation, binary arithmetic, and jump to 
subroutine. 

The normal program flow of the 8008 may be interrupted through the use of the interrupt control line. This allows the 
servicing of slow I/O peripheral devices while also executing the main program. 

The ready command line synchronizes the 8008 to the memory cycle allowing any type or speed of semiconductor 
memory to be used. 

BLOCK DIAGRAM 



C^-D^ 



BIDIRECTIONAL 
DATA BUS 




111 I t — n 



SYNC 01 61 
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PIN DESCRIPTION 




Figure 1. Pin Configuration 



D0-D7 

BI-DIRECTIONAL DATA BUS. All address and 
data communication between the processor and the 
program memory, data memory, and I/O devices 
occurs on these 8 lines. Cycle control information 
is also available. 

INT 

INTERRUPT input. A logic "^" level at this input 
causes the processor to enter the INTERRUPT 
mode. 

READY 

READY input. This command line Is used to syn- 
chronize the 8008 to the memory cycle allowing 
any speed memory to be used. 



SYNC 

SYNC output. Synchronization signal generated by 
the processor. It indicates the beginning of a ma- 
chine cycle. 

01. 02 

Two phase clock Inputs. 

So,Si,S2 

MACHINE STATE OUTPUTS. The processor con- 
trols the use of the data bus and determines whether 
it will be sending or receiving data. State signals 
So, Si, and S2, along with SYNC inform the pe- 
ripheral circuitry of the state of the processor. 

Vcc +5V±5% 
Vdd -9V ±5% 
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INSTRUCTION SET 

Data and Instruction Formats 

Data in the 8008 is stored in the form of 8-bit binary integers. All data transfers to the system data bus will be 
in the same format. 



D? ^6 °5 ^4 D3 D2 D, Dq 



DATA WORD 



The program instructions may be one, two, or three bytes in length. Multiple byte instructions must be stored 
in successive words in program memory. The instruction formats then depend on the particular operation 
executed. 



One Byte Injuuctionj 






1 D7 De D5 


D4 D3 D, 


0, 


Dol 


Two Byte Instructions 


|07 De °b 


O4 D3 02 


0, 


Oo 




1 D7 Dg D5 


O4 O3 D2 


D, 


Oo| 


Three Byte 


ns.ruc.ons 






1 D? De °5 


D4 D3 °7 


^^ 


ool 




1 D7 ^6 °5 


D4 O3 D2 


0, 


Oo 




1 X X D5 


O4 O3 D2 


01 


?,o 



OPCODE 
OPERAND 

OP CODE 
LOW ADDRESS 
HIGH ADDRESS' 



TYPICAL INSTRUCTIONS 



Reqisiei to rec 
I/O anlhmtiic 



ln>m«?diaie mode h 



JUMP ot CALL I 



For the MCS-8 a logic "1" is defined as a high level and a logic "0" is defined as a low level. 
Index Register Instructions 

The load instructions do not affect the flag flip-flops. The incrennent and decrement instructions affect all flip- 
flops except the carry. 



MNEMONIC 


MINIMUM 

STATES 

REQUIRED 


INSTRUCTION CODE 

^ Dg D5 D4 D3 D2 Oy 


Do 


DESCRIPTION OF OPERATION 


(DmOV r,,r2 


(5) 


1 1 


ODD 


S S 


s 


Load index register ri with the content of index register r2. 


'^'mOV r, M 


(8) 


11 D D D 111 


Load index register i with the content of memory register M. 


MOV M, r 


(7) 


1 1 


1 1 1 


S S 


s 


Load memory register M with the content of index register r. 


(3) MVI r 


(&) 



B B 


ODD 
BBB 


1 1 
B B 



B 


Load index register r with data B . . . B. 


MVI M 


(9) 



B B 


1 1 1 
BBB 


1 1 
B B 



B 


Load memory register M with data B . . . 8. 


INRr 


(5) 





D D D 








Increment the content of index register r (r ^ A). 


OCR r 


(5) 





ODD 





1 


Decrement the content of index register r (r ^ A). 



Accumulator Group Instructions 

The result of the ALU instructions affect all of the flag flip-flops. The rotate instructions affect only the carry flip-flop. 



ADDr 


(5) 


10 S S S 


Add the content of index register r, memory register M, or data 
B . . . B to the accumulator. An overflow (carry) sets the carry 
flip-flop. 


ADDM 


(8) 


10 111 


ADI 


(8) 


10 
BB BBB BBB 


ADCr 


(5) 


10 1 S S S 


Add the content of mdlx register r, memory register M, or data 
B . . . B from the accumulator with carry. An overflow (carry) 
sets the carry flip-flop. 


ADCM 


(8) 


10 1 111 


ACI 


(8) 


1 10 
BB BBB BBB 


SUBr 


(5) 


10 10 S S S 


Subtract the content of index register r, memory register M, or 
data B . . . B from the accumulator. An underflow (borrow) 
sets the carry flip-flop. 


SUB M 


(8) 


10 10 111 


SUI 


(8) 


10 10 
BB BBB BBB 


SBBr 


(5) 


10 Oil S S S 


Subtract the content of index register r, memory register M, or data 
data B . . . B from the accumulator with borrow. An underflow 
(borrow) sets the carry flip-flop. 


SBBM 


(8) 


10 Oil 111 


SBI 


(8) 


11 10 
BB BBB BBB 
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MNEMONIC 


MINIMUM 

STATES 

REQUIRED 


INSTRUCTION CODE 

D7D6 D5D4D3 DaDi'^ 


DESCRIPTION OF OPERATION 


ANAr 


(5) 


10 10 s s s 


Compute the lo9K,»l AND of the content of index register r, 
nriemory register M, or datd 8 ... 8 with the accumulator. 


ANAM 


(8) 


10 10 111 


ANI 


(8) 


10 10 
BB BBB BBB 


XRAr 


(5) 


10 10 1 S S S 


Compute the EXCLUSIVE OR of the content of index register 
r, memory register M, or data B . . . B with tht accumulator. 


XRAM 


(8) 


10 10 1 111 


XRI 


(8) 


10 1 10 
BB BBB BBB 


ORAr 


(5) 


10 110 S S S 


Compute the INCLUSIVE OR of the content of index register 
r, memory register m, or data 8 ... 8 with the accumulator . 


ORAM 


(8) 


10 110 111 


ORI 


(8) 


110 10 
BB BBB BBB 


CMPr 


(5) 


10 111 S S S 


Compare the content of index register r, nnemory register M, 
or data B . . . B with the accumulator. The content of the 
accumulator is unchanged. 


CMPM 


(8) 


10 111 111 


CPI 


(8) 


111 100 
BB BBB BBB 


RLC 


(5) 


10 


Rotate the content of the accumulator left. 


RRC 


(5) 


1 10 


Rotate the content of the accumulator right. 


RAL 


(5) 


10 10 


Rotate the content of the accumulator left through the carry. 


RAR 


(5) 


Oil 010 


Rotate the content of the accumulator right through the carry. 



Program Counter and Stack Control Instructions 






<4) JMP 


(11) 


1 
8282 
X X 


XXX 
82 82 82 
838383 


1 

82 82 82 

83 83 83 


Unconditionally jump to memory address 83 . , . 83B2 . . . 82. 


(5)jNC, JNZ, 
JP, JPO 


(9 or 11) 


1 
82 82 
X X 


C4C3 
B2B282 
B3B3B3 




82 82 82 

83 83 83 


Jump to memory address 83 . . . B3B2 . . . 82 «f the condition 
flip-flop is false. Otherwise, execute the next in-t»uction m sequence. 


JC, JZ 
JM, JPE 


(9 or 11) 


1 

8282 

X X 


1 C4C3 

82 82 82 

83 83 B3 




82 82 82 

83 83 83 


Jump to memory address 83 . . . B3B2 ... 82 " the condition 
flip-flop is true. Otherwise, execute the next instruction in sequence. 


CALL 


111) 


1 

8282 

X X 


XXX 

82 82 82 

83 83 83 


1 1 

82 82 82 

83 83 83 


Unconditionally call the subroutine at memory address 83 , . . 
B382 ... 82- Save the current address (up one level in the stack). 


CNC, CNZ, 
CP, CPO 


(9 or 11) 


1 
82 82 
X X 


C4C3 

82 82 82 

83 83 83 


1 

82 82 82 

83 83 83 


Call the subroutine at memory address 83 . . . B3B2 ... 82 if the 

condition flip-flop is false, and save the current address (up one 

level m the stack.) Otherwise, execute the next instruction in sequence. 


CC, CZ, 
CM, CPE 


(9 or 11) 


1 
82 82 
X X 


1 C4C3 
82 B2 82 
838383 


1 

82 82 82 

83 83 83 


Call the subroutine at memory address 83 . . . B3B2 ... 82 '^ the 

condition flip-flop is true, and save the current address (up one 

level in the stack). Otherwise, execute the next instruction in sequence. 


RET 


(5) 





XXX 


1 1 1 


Unconditionally return (down one level in the stack). 


RNC, RNZ, 
RP, RPO 


(3 or 5) 





C4C3 


1 1 


Return (down one level in the stack) if the condition flip-flop is 
false. Otherwise, execute the next instruction in sequence. 


RC, RZ 
RM, RPE 


(3 or 5) 





1 C4C3 


1 1 


Return (down one level in the stack) if the condition flip-flop is 
true. Otherwise, execute the next instruction in sequence. 


RSI 


(5) 





AAA 


1 1 


Call the subroutine at memory address AAAOOO (up one level in the stack). 



Input/Output Instructions 










IN 


(8) 


1 


M 


M M 1 


Read the content of the selected input port (MMM) into the 
accumulator. 


OUT 


(6) 


1 


R R M 


M M 1 


Write the content of the accumulator into the selected output 
port (RRMIVIM, RR f 00) 



Machine Instruction 










HLT 


(4) 

(4) 




1 1 




1 1 1 


X 

1 1 1 


Enter the STOPPED state and remain there until interrupted. 



(1) SSS = Source Index Register 
DDD = Destination Index Register 

(2) Memory registers are addressed by 

(3) Additional bytes of instruction are 

(4) X = "Don't Care". 

(5) f^lag flip-flops are defined by C4C3 
parity ( 1 1 -parity is even) . 



} 



These registers, r,, are designated A(accumulator-OOO), 
8(001), C(010), D(011). EdOO), H(101), L(110). 

the contents of registers H & L. 

designated by BBB88BBB. 



carry (00-overflow or underflow), zero (01 result is zero), sign (10-MSB of result is "1"), 
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8008/8008-1 



ABSOLUTE MAXIMUM RATINGS* 



AfTibieru lemperaiure 

Under Bias 
Storage Temperature 

Input Voltages and Supply 
Voltage With Respect 
to Vcc 

Power Dissipation 



O'^C to+70°C 
-55°C to +150°C 



+0.5 to -20V 
1.0 W @ 25°C 



•COMMENT 

Stresses above those listed under "Absolute Max- 
imum Ratings" may cause permanent damage to 
the device. This is a stress rating only and func- 
tional operation of the device at these or any other 
condition above those indicated in the operational 
sections of this specification is not implied. 



D.C. AND OPERATING CHARACTERISTICS 

Ta = 0°C to 70 °C, Vqc= +5V ±5%, Vdd= -9V ±5% unless otherwise specified. Logic "1" is defined 
as the more positive level (V|h, Vqh)- "0" "S defined as the more negative level (V|l, Vql)- 



SYMBOL 


PARAMETER 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN. 


TYP. 


MAX. 


'do 


AVERAGE SUPPLY CURRENT- 
OUTPUTS LOADED* 




30 


60 


mA 


T^ =25°C 


'li 


INPUT LEAKAGE CURRENT 






10 


mA 


V.N =ov 


V|L 


INPUT LOW VOLTAGE 
(INCLUDING CLOCKS) 


Vdd 




Vcc-^-2 


V 




V.H 


INPUT HIGH VOLTAGE 
(INCLUDING CLOCKS) 


V,,-1.5 




Vcc-^0-3 


V 




Vol 


OUTPUT LOW VOLTAGE 






0.4 


V 


Iql » 0.44mA 
Cl = 200 pF 


VoH 


OUTPUT HIGH VOLTAGE 


Vcc-1-5 






V 


Iq^ = 0.2mA 



*Measurennents are made while 
the 8008 is executing a typical 
sequence of instructions. The 
test load is selected such that 
at Vql= 0.4V, loL= 0.44 mA 
on each output. 



A.C. CHARACTERISTICS 

Ta= 0°C to 70°C; Vcc= -i- 5V ± 5%, Vdo= - 9V ± 5%. All measurements are referenced to 1.5V levels. 



SYMBOL 


PARAMETER 


8008 


8008-1 


UNIT 


TEST CONDITIONS 


LIMITS 


LIMITS 


MIN. 


MAX. 


MIN. 


MAX. 


tcY 


CLOCK PERIOD 


2 


3 


1.25 


3 


/Lis 


tR,tp = 50ns 


tR.tp 


CLOCK RISE AND FALL TIMES 




50 




50 


ns 




^01 


PULSE WIDTH OF 0^ 


.70 




.35 




jUS 




Hi 


PULSE WIDTH OF 02 


.55 




.35 




^s 




tpi 


CLOCK DELAY FROM FALLING 
EDGE OF 0^ TO FALLING EDGE 
OF 02 


.90 


1.1 




1.1 


jUS 




^02 


CLOCK DELAY FROM 02 TO 0^ 


.40 




.35 




^s 




^D3 


CLOCK DELAY FROM 0^ TO 02 


.20 




.20 




Ais 




^DD 


DATA OUT DELAY 




1.0 




1.0 


^s 


Cl= lOOpF 


^OH 


HOLD TIME FOR DATA BUS OUT 


.10 




.10 




MS 




t|H 


HOLD TIME FOR DATA IN 


[1] 




11] 




/is 




tSD 


SYNC OUT DELAY 




.70 




.70 


MS 


Cl=100pF 


tsi 


STATE OUT DELAY (ALL STATES 
EXCEPT T1 AND Til) '21 




1.1 




1.1 


MS 


Cl= IQOpF 


ts2 


STATE OUT DELAY (STATES 
T1 AND Til) 




1.0 




1.0 


MS 


Cl= 100pF 


^RW 


PULSE WIDTH OF READY DURING 
022 TO ENTER T3 STATE 


.35 




.35 




MS 




^RD 


READY DELAY TO ENTER WAIT 
STATE 


.20 




.20 




MS 




'^N,,_,MIN> 


tgD '^' If the INTERRUPT is not 


used, all sta 


tP«: have the 


same outpi 


jt delay, tg 


• 
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800B/8008-1 



TIMING DIAGRAM 



DATA BUS 
LINES 

(D;...Db) 



STATE 
LINES 



i'A 


*-tD3 


_l^ 




_y 


■Z>, 




/-\ „ 


<^u\ 


121 




— t,,i ^ 


J^^ 

■* to2 


«D2 k- 


rr^ 




r^ 


I n^ 


J-V- 


- 




-►-tsD- 


1,. 










/ 


^-toi-i^ 


\ 


i 


*- >0 


~A 


1 






-^«so-^i 






-""H 








■ 1 




!K 


'""-""■ 1 ^^ ,, 

DATA IN Jf 














-4V- 





1 ' 









f ADDRESS OUT 


,.I 


Y DATA OUT 




-L, 


- 


' <DD ^1 


—♦ 


Top-n 


^ tDD A 


-^ 


toHl-^ 


So 


f " 


-* ts2 ^ 


\ 


s. 






^ tsi — . 








^ 










> 

V 






S2 


f 

(11 


-^I^RW 


- 














7' 


\ „, , 










tRD 


\- 






r~ 






f B. 





T2 






T3 


T 


1 


-• f 



Notes: 1 , READY line must be at "0" prior to 022 o^ ^2 ^° guarantee entry into the WAIT state. 
2. INTERRUPT line must not change levels within 200ns (max.) of falling edge of 0i . 

TYPICAL D.C. CHARACTERISTICS 



POWER SUPPLY CURRENT 
VS. TEMPERATURE 



















































^^ 


1 — 1 




1^ 


-- 147 


V 




-«. 


"^ 


^"^ 


— "i 


Il'3 3V ~~ 







































OUTPUT SINKING CURRENT 
VS. TEMPERATURE 




24 

I" 

z 

- 20 
3 

i '" 
i 


















































■N 


















^ 




■^" 


Vdo - 


14V 
















4^" 






-^ 





















OUTPUT SOURCE CURRENT 
VS. OUTPUT VOLTAGE 













■'■ \ 


= 70" c 














rr 























N 


N. 
















>i 


N 


















\ 


\ 
















\ 


\, 
















\ 


V^ 



20 30 40 50 60 70 

AMBIENT TEMPERATURE CO 



30 40 50 60 



AMBIENT TEMPERATURE CO 



OUTPUT VOLTAGE (VI. Vqh 



TYPICAL A.C. CHARACTERISTICS 



DATA OUT DELAY VS. 
OUTPUT LOAD CAPACITANCE 










^ 








> 


y 








/ 


/ 








/ 


/ 



































I 100 ISO 200 250 

DATA BUS CAPACITAHtCE IpFI Cq, 



CAPACITANCE f = 1MHz; T^ = 25° C; Unmeasured Pins Grounded 



SYMBOL 


TEST 


LIMIT (pF) 1 


TYP. 


MAX. 


C,N 


INPUT CAPACITANCE 


5 


10 


Cob 


DATA BUS I/O CAPACITANCE 


5 


10 


^OUT 


OUTPUT CAPACITANCE 


5 


10 
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8080A/8080A-1/8080A-2 
8-BIT N-CHANNEL MICROPROCESSOR 

The 8080A is functional fy and electrically compatible with the Intel® 8080. 



TTL Drive Capability 

2 pts (-1:1.3 jLts, -2:1.5 ixs) Instruction 
Cycle 

Powerful Problem Solving Instruction 
Set 

6 General Purpose Registers and an 
Accumulator 

16-Bit Program Counter for Directly 
Addressing up to 64K Bytes of 
Memory 



■ 16-Bit Stack Pointer and Stack 
Manipulation Instructions for Rapid 
Switching of the Program Environment 

■ Decimal, Binary, and Double Precision 
Arithmetic 

■ Ability to Provide Priority Vectored 
Interrupts 

■ 512 Directly Addressed I/O Ports 



The Intel® 8080A is a complete 8-bit parallel central processing unit (CPU). It is fabricated on a single LSI chip using 
Intel's n-channel silicon gate MOS process. This offers the user a high performance solution to control and processing 
applications. 

The 8080A contains 6 8-bit general purpose working registers and an accumulator. The 6 general purpose registers 
may be addressed individually or in pairs providing both single and double precision operators. Arithmetic and logical 
instructions set or reset 4 testable flags. A fifth flag provides decimal arithmetic operation. 

The 8080A has an external stack feature wherein any portion of memory may be used as a last in/first out stack to 
store/retrieve the contents of the accumulator, flags, program counter, and all of the 6 general purpose registers. The 
16-bit stack pointer controls the addressing of this external stack. This stack gives the 8080A the ability to easily han- 
dle multiple level priority interrupts by rapidly storing and restoring processor status. It also provides almost unlimited 
subroutine nesting. 

This microprocessor has been designed to simplify systems design. Separate 16-line address and 8-line bidirectional 
data busses are used to facilitate easy interface to memory and I/O. Signals to control the interface to memory and I/O 
are provided directly by the 8080A. Ultimate control of the address and data busses resides with the HOLD signal. It 
provides the ability to suspend processor operation and force the address and data busses into a high impedance 
state. This permits OR-tying these busses with other controlling devices for (DMA) direct memory access or multi- 
processor operation. 

8080A CPU FUNCTIONAL BLOCK DIAGRAM 



IT 



ACCUMULATOR 



IT 



ACCUMULATOR 
LATCH (8) 



BIDIRECTIONAL 
DATA BUS 



(8 BIT) 
INTERNAL DATA BUS 



IL 



DATA BUS 
BUFFER/LATCH 



T 



IT 



Tf 



^ 




_ii_ 



INSTRUCTION 
REGISTER (81 



IZ. 



INSTRUCTION 
DECODER 

AND 
MACHINE 

CYCLE 
ENCODING 



POWER 
SUPPLIES 



+ 12V 
+5V 



LZ. 



TIMING 

AND 

CONTROL 



DATA BUS INTERRUPT HOLD WAIT 

WRITE CONTROL CONTROL CONTROL CONTROL SYNC CLOCKS 



l--" 1 i I 1 I 1 1 t I fl 



DBIN INTE INT HOLD HOLD WAIT 



(8 BIT) 
INTERNAL DATA BUS 






MULTIPLEXER 



D 
REG. 



Z (1 

TEMP REG. 



STACK POINTER 



PROGRAM COUNTER 



INCREMENTER/DECREMENTER 
ADDRESS LATCH (i« 



REGISTER 
"ARRAY 



IZ 



ADDRESS BUFFER 



SYNC 01 o2 RESET 



^5 Ao 
ADDRESS BUS 
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PIN DESCRIPTION 

The following describes the function of ail of the 8080A I/O pins. 
Several of the descriptions refer to Internal timing periods. 

A15.A0 (output three-state) 

ADDRESS BUS; the address bus provides the address to memory 
(up to 64K 8-bit words) or denotes the I/O device number for up 
to 256 input and 256 output devices. Aq is the least significant 
address bit. 

D7-D0 (input/output three-state) 

DATA BUS; the data bus provides bl-dlrectional communication 
between the CPU, memory, and I/O devices for instructions and 
data transfers. Also, during the first clock cycle of each machine 
cycle, the 8080A outputs a status word on the data bus that de- 
scribes the current machine cycle. Dq is the least significant bit. 

SYNC (output) 

SYNCHRONIZING SIGNAL; the SYNC pin provides a signal to 
indicate the beginning of each machine cycle. 

DBIN (output) 

DATA BUS IN; the DBIN signal Indicates to external circuits that 
the data bus is in the Input mode. This signal should be used to 
enable the gating of data onto the 8080A data bus from memory 
or I/O. 

READY (Input) 

READY; the READY signal indicates to the 8080A that valid 
memory or Input data is available on the 8080A data bus. This 
signal Is used to synchronize the CPU with slower memory or I/O 
devices. If after sending an address out the 8080A does not re- 
ceive a READY input, the 8080A will enter a WAIT state for as 
long as the READY line is low. READY can also be used to single 
step the CPU. 

WAIT (output) 

WAIT; the WAIT signal acknowledges that the CPU is in a WAIT 

state. 

WR (output) 

WRITE; the WR signal is used for memory WRITE or I/O output 
control. The data on the data bus is stable while the WR signal is 
active low (WR = 0). 

HOLD (input) 

HOLD; the HOLD signal requests the CPU to enter the HOLD 
state. The HOLD state allows an external device to gain control 
of the 8080A address and data bus as soon as the 8080A has com- 
pleted its use of these buses for the current machine cycle. It is 
recognized under the following conditions: 

• the CPU Is in the HALT state. 

• the CPU is in the T2 or TW state and the R EADY signal is active. 
As a result of entering the HOLD state the CPU ADDRESS BUS 
(A15-A0) and DATA BUS (D7-D0) will be in their high impedance 
state. The CPU acknowledges its state with the HOLD AC- 
KNOWLEDGE (HLDA) pin. 

HLDA (output) 

HOLD ACKNOWLEDGE; the HLDA signal appears In response 
to the HOLD signal and indicates that the data and address bus 




INTEL 
8080A 




O READY 



•K> HLDA 



Figure 1. Pin Configuration 

will go to the high impedance state. The HLDA signal begins at: 

• T3 for READ memory or input. 

• The Clock Period following T3 for WRITE memory or OUT- 
PUT operation. 

In either case, the HLDA signal appears after the rising edge of 0^ 
and high impedance occurs after the rising edge of 02- 

INTE (output) 

INTERRUPT ENABLE; indicates the content of the internal Inter- 
rupt enable flip/flop. This flip/flop may be set or reset by the En- 
able and Disable Interrupt instructions and inhibits interrupts 
from being accepted by the CPU when it is reset. It is auto- 
matically reset (disabling further interrupts) at time T1 of the in- 
struction fetch cycle (M1) when an Interrupt is accepted and is 
also reset by the RESET signal. 

INT (input) 

INTERRUPT REOUEST; the CPU recognizes an interrupt re- 
quest on this line at the end of the current instruction or while 
halted. If the CPU is in the HOLD state or if the Interrupt Enable 
flip/flop is reset it will not honor the request. 

RESET (input)[1] 

RESET; while the RESET signal is activated, the content of the 
program counter is cleared. After RESET, the program will start 
at location in memory. The INTE and HLDA flip/flops are also 
reset. Note that the flags, accumulator, stack pointer, and registers 
are not cleared, 

Vss Ground Reference. 

Vdd -f-12±5% Volts. 

Vcc +5 ± 5% Volts. 

Vbb -5 ±5% Volts (substrate bias). 
01 » 02 2 externally supplied clock phases, (non TTL compatible) 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias 0°C to +70° C 

Storage Temperature -65°C to +150°C 

All Input or Output Voltages 

With Respect to Vbb -0.3V to +20V 

VcC' Vdd and Vss With Respect to Vbb -0-3V to +20V 
Power Dissipation 1.5W 



*COMMENT: Stresses above those listed under Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



D.C. CHARACTERISTICS 

Ta = 0°C to 70°C, Vdd = +12V ± 5%, Vqc = +5V ± 5%, Vbb = -5V ± 5%, Vgs = OV, Unless Otherwise Noted. 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Condition 


V,LC 


Clock Input Low Voltage 


Vss-1 




Vss+0.8 


V 




V|HC 


Clock Input High Voltage 


9.0 




Vdd + 1 


V 




V,L 


Input Low Voltage 


Vss-1 




Vss+0.8 


V 




V|H 


Input High Voltage 


3.3 




Vcc+1 


V 




Vol 


Output Low Voltage 






0.45 


V 


Iql '" 1 -Qn^A on all outputs, 


VOH 


Output High Voltage 


3.7 






V 


IOH = -150iuA. 


'dd(av) 


Avg. Power Supply Current (Vqq) 




40 


70 


mA 


Operation 
TcY = -48 Atsec 


•CC(AV) 


Avg. Power Supply Current (Vqc) 




60 


80 


mA 


•bb(av) 


Avg. Power Supply Current (Vbb) 




.01 


1 


mA 


l|L 


Input Leakage 






±10 


/iA 


Vss ^ V|[s| < Vcc 


'CL 


Clock Leakage 






±10 


ma 


Vss < VcLOCK < Vqq 


Idl[2] 


Data Bus Leakage in Input Mode 






-100 
-2.0 


mA 


Vss<V,N<Vss + 0.8V 
Vss + 0.8V<V|N<Vcc 


Ifl 


Address and Data Bus Leakage 
During HOLD 








+ 10 
-100 


ma 


Vaddr/data = Vcc 
Vaddr/data = Vss + 0-45V 



CAPACITANCE 

Vcc = Vdd = Vss = OV, Vbb = -5V 



Ta = 25"C 



Symbol 


Parameter 


Typ. 


Max. 


Unit 


Test Condition 


c« 


Clock Capacitance 


17 


25 


Pf 


fc=1 MHz 


C|N 


Input Capacitance 


6 


10 


Pf 


Unmeasured Pins 


COUT 


Output Capacitance 


10 


20 


Pf 


Returned to Vss 



NOTES: 

1 . The RESET signal must be active for a minimum of 3 clock cycles. 

2. When DBIN is high and V||sj > V|h an internal active pull up will 
Ise switched onto the Data Bus. 

3. AI supply / ATa = -0.45%/° C. 





+25 +50 

AMBIENT TEMPERATURE (°C) 



Figure 2. Typical Supply Current vs. 
Temperature, Normalizedt^l 




Figure 3. Data Bus Characteristic 
During DBIN 
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8080A/8080A-1 /8080A-2 



A.C. CHARACTERISTICS (8080A) 

Ta = 0°C to 70°C, VoD = +12V + 5%, Vqc = +5V ± 5%, VgB = -5V ± 5%, Vss = OV, Unless Otherwise Noted 



Symbol 


Parameter 


Min. 


Max. 


■1 
Min. 


•1 
Max. 


-2 

Min. 


-2 
Max. 


Unit 


Test Condition 


tcY[3] 


Clock Period 


0.48 


2.0 


0.32 


2.0 


0.38 


2.0 


Msec 




tr. tf 


Clock Rise and Fall Time 





50 





25 





50 


nsec 




t0i 


01 Pulse Width 


60 




50 




60 




nsec 




t02 


02 Pulse Width 


220 




145 




175 




nsec 




tDI 


Delay 0i to 02 

















nsec 




tD2 


Delay 02 to 0-| 


70 




60 




70 




nsec 




tD3 


Delay 0i to 02 Leading Edges 


80 




60 




70 




nsec 




tDAf2] 


Address Output Defay From 02 




200 




150 




175 


nsec 




. Cl=100pF 


tDDf2] 


Data Output Delay From 02 




220 




180 




200 


nsec 


tDc[2J 


Signal Output Delay From 02 or 02 (SYNC, WR, WAIT, HLDA) 




120 




110 




120 


nsec 


_Cl = 50pF 


tDpf^l 


DBIN Delay From 02 


25 


140 


25 


130 


25 


140 


nsec 


tDl^l 


Delay for Input Bus to Enter Input Mode 




tDF 




tDF 




tDF 


nsec 




^DSI 


Data Setup Time During 0-1 and DBIN 


30 




10 




20 




nsec 







WAVEFORMS 



(Note: Timing measurements are made at the following reference voltages: CLOCK "1" = 8.0V 
"0" = 1.0V; INPUTS "1" = 3.3V, "0" = 0.8V; OUTPUTS "1" = 2.0V, "0" = 0.8V.) 



Ai5-Aq ■ 



A 



A 



n 



1 V 



j^ 



,E5t 



jT 



r~^i 






' > JDATA IN 

-♦ bsi !-•— 



"Z5:: 



#: 



^r- 



\ 



"7:^1 



A. 



:c 



A. 



J^^S. 



r 






T^'s-. 



DATA OUT 



% 



t 



—I 'hs — 



Z)t® 



X 
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A.C. CHARACTERISTICS (8080A) 

Ta = 0°C to 70° C, Vdd = +12V ± 5%, Vcc = +5V ± 5%, Vqb = -5V ± 5%, Vgs = OV, Unless Otherwise Noted 



Symbol 


Parameter 


Min. 


Max. 


•1 
Min. 


•1 
Max. 


-2 

Min. 


-2 
Max. 


Unit 


Test Condition 


'DS2 


Data Setup Time to 02 During DBIN 


150 




120 




130 




nsec 




tDHl^l 


Data Holt time From 02 During DBIN 


[1] 




[1] 




[1] 




nsec 




t|El21 


INTE Output Deiay From 02 




200 




200 




200 


nsec 


GL=50pF 


<RS • 


READY Setup Time During 02 


120 




90 




90 




nsec 




tHS 


HOLD Setup Time to 02 


140 




120 




120 




nsec 




<IS 


INT Setup Time During 02 


120 




100 




100 




nsec 




'H 


Hold Time From 02 (READY, INT, HOLD) 

















nsec 




'FD 


Delay to Float During Hold (Address and Data Bus) 




120 




120 




120 


nsec 




tAwl21 


Address Stable Prior to WR 


[5] 




[5] 




[5] 




nsec 






tDwPl 


Output Data Stable Prior to WR 


[6] 




[6] 




[6] 




nsec 




tWD'^l 


Output Data Stable From WR 


[7] 




[7] 




[7] 




nsec 




twA^ 


Address Stable From WR 


[7] 




[7] 




[7] 




nsec 


Cl=100 pF: Address, Data 
" Cl=50 pF: WR,HLDA,DBIN 


,HfI21 


HLDA to Float Delay 


[8] 




[8] 




18] 




nsec 


twFl21 


WR to Float Deiay 


[9] 




[9] 




[9] 




nsec 




tAHl21 


Address Hold Time After DBIN During HLDA 


-20 




-20 




-20 




nsec 





A 



n. 



r V 






-.^*— %F 



td: 



NOTES: (Parenthesis gives -1, -2 specifications, respectively) 

1. Data input should be enabled with DBIN status. No bus conflict can then occur and data hold time is assured. 
tDH = 50 ns or t^p, whichever is less. 

2. Load Circuit. 

+5V 



OUTPUT ° X^ 



i^ 



IBOjuA 




3- *CY = ^03 + tr<t,2 + ^2 + ^2 + ^02 + V.j>1 ^ ^80 ns (- 1:320 ns, -2:380 ns). 
TYPICAL A OUTPUT DELAY VS. A CAPACITANCE 

+20 r 



+10 







/ 








/ 






^^ 


^SPEC 




^^^ 









\ CAPACITANCE (pf) 



4. The following are relevant when interfacing the 8080A to devices having V|h = 3.3V: 

a) Maximum output rise time from .8V to 3.3V = 1 00ns @ Cl = SPEC. 

b) Output delay when measured to 3.0V = SPEC +60ns @ Cl = SPEC. 

c) If Cl ^ SPEC, add .6ns/pF if Cl> CsPEC- subtract .3ns/pF (from modified delay) if Cl < CsPEC- 

5. tAW = 2 tcY - tD3 - tr,j,2 - 140 ns (- 1:110 ns, -2:130 ns). 
6- tow = ^CY - tD3 - ^2 - "'70 ns (-1:150 ns, -2:170 ns). 

7. If not HLDA, tWD^tWA = ^03 + tr02 +10ns. If HLDA, tWD = ^WA = ^WF- 
8- tHF = tD3 + tr^2 -50ns. 
9. tWF = tD3 +tr02-''O"s 

10. Data in must be stable for this period during DBIN •T3. Both tpsi a"*^ ^DS2 nnust be satisfied. 

1 1 . Ready signal must be stable for this period during T2 or Tyy. (Must be externally synchronized.) 

12. Hold signal must be stable for this period during T2 or T\/\/ when entering hold mode, and during T3, T4, T5 
and TyyH when in hold mode. (External synchronization is not required.) 

13. Interrupt signal must be stable during this period of the last clock cycle of any instruction in order to be 
recognized on the following instruction. (External synchronization is not required.) 

14. This timing diagram shows timing relationships only; it does not represent any specific machine cycle. 
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INSTRUCTION SET 

The accumulator group instructions include arithmetic and 
logical operators with direct, indirect, and immediate ad- 
dressing modes. 

Move, load, and store instruction groups provide the ability 
to move either 8 or 16 bits of data between memory, the 
six working registers and the accumulator using direct. In- 
direct, and immediate addressing modes. 

The ability to branch to different portions of the program 
is provided with jump, jump conditional, and computed 
jumps. Also the ability to call to and return from sub- 
routines is provided both conditionally and unconditionally. 
The RESTART (or single byte call Instruction) is useful for 
interrupt vector operation. 

Double precision operators such as stack manipulation and 
double add instructions extend both the arithmetic and 
interrupt handling capability of the 8080A. The ability to 



increment and decrement memory, the six general registers 
and the accumulator is provided as well as extended Incre- 
ment and decrement instructions to operate on the register 
pairs and stack pointer. Further capability is provided by 
the ability to rotate the accumulator left or right through 
or around the carry bit. 

Input and output may be accomplished using memory ad- 
dresses as I/O ports or the directly addressed I/O provided 
for in the 8080A instruction set. 

The following special instruction group completes the 8080A 
Instruction set: the NOP Instruction, HALT to stop pro- 
cessor execution and the DAA Instructions provide decimal 
arithmetic capability. STC allows the carry flag to be di- 
rectly set, and the CMC Instruction allows it to be comple- 
mented. CMA complements the contents of the accumulator 
and XCHG exchanges the contents of two 16-bit register 
pairs directly. 



Data and Instruction Formats 

Data In the 8080A Is stored in the form of 8-blt binary integers. All data transfers to the system data bus will be In the 
same format. 



Dy De D5 D4 D3 D2 Di Do 



DATA WORD 

The program Instructions may be one, two, or three bytes in length. Multiple byte instructions must be stored 
in successive words in program memory. The instruction formats then depend on the particular operation 
executed. 



One Byte Instructions 



D7 De D5 D4 D3 D2 Di Do 



Two Byte Instructions 






D7 De D5 D4 D3 D2 


Dl 


Do 


D7 De D5 D4 D3 D2 


Di 


Do 


Three Byte Instructions 


D7 De Dg D4 D3 D2 


Di 


Do 


D7 De Dg D4 D3 D2 


Di 


Do 


D7 De Dg D4 D3 D2 


Di 


Do 



OPCODE 



OPCODE 
OPERAND 

OPCODE 

LOW ADDRESSOR OPERANDI 

HIGH ADDRESSOR OPERAND 2 



TYPICAL INSTRUCTIONS 

Register to register, memory refer- 
ence, arithmetic or logical, rotate, 
return, push, pop, enable or disable 
Interrupt Instructions 



Immediate mode or I/O instructions 



Jump, call or direct load and store 
instructions 



For the 8080A a logic "1" is defined as a high level and a logic "0" is defined as a low level. 
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8080 INSTRUCTION SET 

Summary of Processor Instructions 



Mnemonic Description 



O7 



Instruction Code|i| 
De D5 D4 D3 Dz Di 



Clock|2; 
Dp Cycles 



10 1 



10 1 















1 








1 





1 











1 


1 








1 


1 


1 







1 





1 







1 


1 


1 





1 










1 
1 


1 
1 
1 



MOVE. LOAD. AND STORE 

M0Vri,r2 Move-register to register 1 D D D S S 

MOV M.r Move register to memory 1 1 1 S S 

MOV r,M Move memory to register 1 D D D 1 1 

MVI r Move immediate register D D D 1 1 

MVI M Move immediate memory 110 11 

LXI B Load immediate register 

Pair B & C 
LXI D Load immediate register 

Pair D & E 
LXI H Load immediate registei 

Pair H & L 
STAX B Store A indirect 

STAX D Store A indirect 

LDAX B Load A indiiect 

LDAX D Load A indirect 

STA Store A direct 

LDA Load A direct 

SHLD Store H & L direct 

LHLD Load H & L direct 

XCHG Exchange D & E, H & L 

Registers 

STACK OPS 

PUSH B Push register Pair B & 

C on stacl< 
PUSH D Push register Pair D & 

E on stack 
PUSH H Push register Pan H & 

L on stacl< 
PUSH PSW Push A and Flags 

on stack 
POP B Pop register Pair B & 

C off stack 
POP D Pop register Pair D & 

E oft stack 
POP H Pop register Pair H & 

L off stack 
POP PSW Pop A and Flags 

off stack 
XTHL Exchange top of 

stack H & L 
SPHL H & L to stack pointer 

LXI SP Load immediate stack 

pointer 
INX SP Increment stack pointer 

OCX SP Decrement stack 

pointer 

JUMP 

JMP Jump unconditional 

JC Jump on carry 

JNC Jump on no carry 

JZ Jump on zero 

JNZ Jump on no zero 

JP Jump on positive 

JM Jump on minus 

JPE Jump on parity even 



10 

10 10 

10 10 

110 10 



10 



10 

1 

110 

10 

10 1 
110 1 



1 

110 1 

10 1 

10 1 

1 

110 1 

1110 1 

10 10 1 






7 





7 





7 





7 





13 





13 





16 





16 


1 


4 



10 

10 

10 

10 

18 

5 
10 

5 
5 



10 
10 
10 
10 
10 
10 
10 
10 



Mnemonic 



Qescription 



Instruction Code(i| Clock|2| 

D7 De D5 D4 D3 D2 Di Dp Cycles 



JPO 
PCHL 

CALL 

CALL 

CC 

CNC 

CZ 

CNZ 

CP 

CM 

CPE 

CPO 

RETURN 

RET 

RC 

RNC 

RZ 

RNZ 

RP 

RM 

RPE 

RPO 

RESTART 

RST 

INCREMENT 

INRr 

DCRr 

INR M 

DCRM 

INX B 

INX D 

INX H 

OCX B 
OCX D 
OCX H 
ADO 

ADDr 
ADC r 

ADD M 
ADC M 

ADI 
ACI 

DADB 
DADD 
DAD H 
DADSP 



Jump on parity odd 
H & L to piogram 
counter 

Call unconditional 
Call on carry 
Call on no carry 
Call on zero 
Call on no zero 
Call on positive 
Call on minus 
Call on parity even 
Call on parity odd 

Return 

Return on cany 
Return on no cany 
Return on zeio 
Return on no zeio 
Return on positive 
Return on minus 
Return on parity even 
Return on parity odd 

Restart 
AND DECREMENT 

Increment register 
Decrement register 
Increment memory 
Decrement memory 
Increment B & C 
registers 
Increment D & E 
registers 
Increment H & L 
registers 
Decrement B & C 
Decrement D & E 
Decrement H & L 



Add register to A 

Add register to A 

with carry 

Add memory to A 

Add memory to A 

with carry 

Add immediate to A 

Add immediate to A 

with carry 

Add B & C to H & L 

Add D & E to H & L 

Add H & L to H & L 

Add stack pointer to 

H & L 



10 10 
10 10 1 





1 

1 





1 1 
1 1 
1 
1 



1 

1 





1 1 
1 1 

1 








10 



S S S 
1 S S s 



10 1 
10 11 



10 

5 



1 1 



1 
1 

1 

1 

1 

1 









5/11 



17 

11/17 
11/17 
11/17 
11/17 
11/17 
11/17 
11/17 
11/17 

10 
5/11 
5/11 
5/11 
5/11 



5/11 
5/11 
5/11 



1 1 A A A 1 1 1 11 

D D D 1 5 

D D D 1 1 5 

110 10 10 

110 10 1 10 

11 5 

10 11 5 

10 11 5 

10 11 5 

110 11 5 

10 10 11 5 



110 7 
1110 7 



10 1 10 

110 1 10 

10 10 1 10 

1110 1 10 




NOTES. 1 ODD or SSS B 000. C 001 D 010. E Oil. H 100. L 101. Memory 110. A 111 

2 Two possible cycle times. (6/12) indicate instruction cycles dependent on condition flags 



*AII mnennonics copyright 
Mntel Corporation 1977 



9-17 



8080A/8080A-1/8080A-2 



Summary of Processor Instructions (Cont.) 



Mnemonic 




Description 



Instruction Code|i| Clock(2| 

D7 De Ds D4 D3 D? Di Dp Cycles 



SUBTRACT 






















SUBr 


Subtract register 
from A 















S 


s 


s 




SBBr 


Subtract register from 
A with borrow 














S 


s 


s 




SUBM 


Subtract memory 
from A 














1 


1 







SBBM 


Subtract memory from 
A with borrow 














1 


1 







SUI 


Subtract immediate 
from A 




1 









1 


1 







SB! 


Subtract immediate 
from A with borrow 




1 









1 


1 







LOGICAL 






















ANAr 


And register with A 














S 


s 


s 




XRAr 


Exclusive Or register 
with A 














s 


s 


s 




ORA 1 


Or registei with A 













s 


s 


s 




CMPr 


Compare register with A 













s 


s 


s 




ANA M 


And memory with A 






















XRAM 


Exclusive Or memory 
with A 






















ORAM 


Or memory with A 






















CMPM 


Compare memory with A 






















ANI 


And immediate with A 




1 

















XRI 


Exclusive Or immediate 
with A 




1 

















ORI 


Or immediate with A 




1 

















CPI 


Compaie immediate 
with A 




1 

















ROTATE 






















RLC 


Rotate A left 



















1 




RRC 


Rotate A right 



















1 




RAL 
RAR 


Rotate A left through 

carry 

Rotate A right through 

carry 






















1 
1 




SPECIALS 






















CIVIA 


Complement A 








1 










1 




STC 


Set carry 








1 










1 




CMC 
DAA 


Complement carry 
Decimal adjust A 










1 
1 










1 
1 




INPUT/OUTPUT 




















IN 
OUT 


Input 
Output 


1 
1 


1 

1 
















1 
1 


10 
10 


CONTROL 






















El 
01 

NOP 
HLT 


Enable Interrupts 
Disable Interrupt 
No-operation 
Halt 


1 
1 




1 
1 



1 


1 
1 


1 



1 










1 



1 


1 
1 








NOTES: 1 ODD or SSS B=000, C=001. D=010. E=011. H=100. L=101. Memory=110. A=111, 

2. Two possible cycle times (6/12) indicate instruction cycles dependent on condition flags 



*AII mnemonics copyright 
'Intel Corporation 1977 
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8224 

CLOCK GENERATOR AND DRIVER 

FOR 8080A CPU 



Single Chip Cloclc Generator/Driver for 
8080A CPU 

Power-Up Reset for CPU 

Ready Synchronizing Flip-Flop 

Advanced Status Strobe 



■ Oscillator Output for External System 
Timing 

■ Crystal Controlled for Stable System 
Operation 

■ Reduces System Package Count 



The Intel® 8224 is a single chip clock generator/driver for the 8080A CPU. It is controlled by a crystal, selected by the 
designer to meet a variety of system speed requirements. 

Also included are circuits to provide power-up reset, advance status strobe, and synchronization of ready. 

The 8224 provides the designer with a significant reduction of packages used to generate clocks and timing for 8080A. 



PIN CONFIGURATION 



BLOCK DIAGRAM 



RESET 1 


1 


16 


ZlVcc 


RESIN 1 


2 


15 


ZJ XTAL 1 


RDYiN[;;;^ 


3 


14 


1 XTAL 2 


READY 1 
SYNCi 


4 
5 


13 

8224 

12 


[TANK 

Zlosc 


«2(TTL)[::: 


6 


11 


Zl*, 


STSTB [^ 


7 


10 


Zl*2 


gndI 


8 


9 


Z|V»D 



(l5> XTAL1 - 
|T?> XTAL2 - 
(l3> TANK - 



[£> SYNC - 
[F> RESlN- 

[F> RDYIN- 



CLOCK 
GEN. 






SCHMITT 
INPUT 



-OSC [?2> 

-01 [11> 

-02 0^ 

-02(TTL)[r> 



■ -^~J ^O- STSTB [7 



\l> 

- RESET |T> 

- READY [T> 



PIN NAMES 



RESIN 


RESET INPUT ^ 


RESET 


RESET OUTPUT 


RDYIN 


READY INPUT 


READY 


READY OUTPUT 


SYNC 


SYNC INPUT 


STSTB 


STATUS STB 
{ACTIVE LOW) 


01 


18080 
( CLOCKS 


02 



XTAL1 


CONNECTIONS 
FOR CRYSTAL 


XTAL 2 


TANK 


USED WITH OVERTONE XTAL 


OSC 


OSCILLATOR OUTPUT 


02 (TTL) 


02 CLK (TTL LEVEL) 


Vcc 


+5V 


Vdd 


+12V 


GND 


OV 
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ABSOLUTE MAXIMUM RATINGS' 



Temperature Under Bias 0°C to 70°C 

Storage Temperature -65°C to 150°C 

Supply Voltage, Vqc -0.5V to +7V 

Supply Voltage, Vqd -0.5V to +13.5V 

Input Voltage -1.5V to +7V 

Output Current 100mA 



*COMMENT: Stresses above those listed under "'Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS 



Ta = 0°C to 70°C; Vqc = +5.0V ±5%; Vqd = +12V ±5%. 












Parameter 


Limits 


Units 




Symbol 


Min. 


Typ. 


Max. 


Test Conditions 


If 


Input Current Loading 






-.25 


mA 


Vp = .45V 


Ir 


Input Leakage Current 






10 


/iA 


Vr = 5.25V 


Vc 


Input Forward Clar^Voltage 






1.0 


V 


Ic = -5mA 


V|L 


Input "Low" Voltage 






.8 


V 


Vcc = 5.0V 


V|H 


Input "High" Voltage 


2.6 
2.0 






V 


Reset Input 
All Other Inputs 


V,H-V,L 


RESIN Input Hysteresis 


.25 






V 


Vcc = 5.0V 


Vol 


Output "Low" Voltage 






.45 
.45 


V 
V 


(01,02), Ready, Reset, STSTB 
lOL =2.5mA 
All Other Outputs 
l0L= 15mA 


VOH 


Output "High" Voltage 

01 ,02 

READY, RESET 
All Other Outputs 


9.4 
3.6 
2.4 






V 
V 
V 


< < 

til 

I 1 1 

II II II 

XXX 


iscf^^ 


Output Short Circuit Current 
(All Low Voltage Outputs Only) 


-10 




-60 


mA 


Vo=OV 
Vcc = 5.0V 


'cc 


Power Supply Current 






115 


mA 




•dd 


Power Supply Current 






12 


mA 





Note: 1 . Caution, 0i and 02 output drivers do not have short circuit protection 

Crystal Requirements 

Tolerance: 0.005% at 0X-70X 
Resonance: Series (Fundamental)* 
Load Capacitance: 20-35 pF 
Equivalent Resistance: 75-20 ohms 
Power Dissipation (Min): 4 mW 

*With tank circuit use 3rd overtone mode. 
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A.C. CHARACTERISTICS 

Vcc = +5.0V ± 5%; Vdd = +1 2.0V ± 5%; Ta = 0°C to 70°C 





Parameter 


Limits 


Units 


Test 


Symbol 


Min. 


Typ. 


Max. 


Conditions 


Vl 


01 Pulse Width 


2^^y-20ns 
9 






ns 




t02 


02 Pulse Width 


^^^^y-35ns 
9 








tDI 


01 to 02 Delay 











tD2 


02 to 01 Delay 


9 






Cl = 20pF to 50pF 


tD3 


01 to 02 Delay 


2tcy 
9 




2^„^V^20ns 
9 




tR 


01 and 02 Rise Time 






20 




tF 


01 and 02 Fall Time 






20 




tD02 


02 to 02 (TTL) Delay 


-5 




+15 


ns 


02TTL,CL=3O 

Rl=300n 

R2=600n 






6^^y-30ns 
9 




6tcy 
9 






toss 


02 to STSTB Delay 








^-^-15ns 
9 








STSTB, CL=15pF 
Rl =2K 


tpw 


STSTB Pulse Width 


^DRS 


RDYIN Setup Time to 
Status Strobe 


50ns -^7 
9 






R2 = 4K 


tDRH 


RDYIN Hold Time 


4tcy 
9 








After STSTB 




tDR 


RDYIN or RESIN to 
02 Delay 


4^^^y-25ns 
9 








Ready & Reset 
CL=10pF 
Rl=2K 
R2=4K 


tCLK 


CLK Period 




tcy 
9~ 








^max 


Maximum Oscillating 
Frequency 






27 


MHz 




Cm 


Input Capacitance 






8 


PF 


Vcc=+5.0V 
Vdd=+12V 
Vbias=2.5V 
f=1MHz 



TEST 
CIRCUIT 



I G ^ 
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WAVEFORMS 



SYNC 

(FROM 8080A) 



RDYiN OR RESIN 




VOLTAGE MEASUREMENT POINTS: 0^, 02 Logic "0" = 1.0V, Logic "1" = 8.0V. All other signals measured at 1.5V. 

EXAMPLE: 

A.C. CHARACTERISTICS (For tcv = 488.28 ns) 

Ta = 0°C to 70°C; Vdd = +5V ±5%; Vpo = +12V ±5%. 





Parameter 


Limits 


Units 




Symbol 


Min. 


Typ. 


Max. 


Test Conditions 


t0i 


01 Pulse Width 


89 






ns 
ns 
ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 
ns 


tcY=488.28ns 


t02 


02 Pulse Width 


236 








tDI 


Delay 0i to 02 











tD2 


Delay 02 to 0i 


95 






01 & 02 Loaded to 


tD3 


Delay 0i to 02 Leading Edges 


109 




129 


Cl = 20 to 50pF 


tr 


Output Rise Time 






20 




tf 


Output Fall Time 






20 








296 




326 




toss 


02 to STSTB Delay 




tD02 


02 to 02 (TTL) Delay 


-5 




+15 




tpw 


Status Strobe Pulse Width 


40 






Ready & Reset Loaded 
to 2mA/10pF 


tORS 


RDYIN SetupTime to STSTB 


-167 






tpRH 


RDYIN Hold Time after STSTB 


217 






All measurements 


tpR 


READY or RESET 
to 02 Delay 


192 






referenced to 1.5V 
unless specified 
otherwise. 


fMAX 


Oscillator Frequency 






18.432 


MHz 
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8801 

CLOCK GENERATOR CRYSTAL 

FOR 8224/8080A 



Specifically Selected for Intel® 8224 

18.432 MHz for 1.95 ^s 8080 A Cycle 

Simple Generation of all Standard 
Communication Baud Rates 



■ Frequency Deviation ±0.005% 



■ Fundamental Frequency Mode 



■ 0*^C to 70®C Operating Temperature 



The Intel® 8801 is a quartz crystal specifically selected to operate with the 8224 clock generator and the 8080A CPU. It 
resonates In the fundamental frequency mode at 18.432 MHz. This frequency allows the 8080A at full speed (Tcy = 488 
ns) to have a cycle of 1.95 ^s and also simplifies the generation of all standard communication baud rates. The 8801 
crystal is exactly matched to the requirements of the 8080A/8224 and provides both high performance and system 
flexibility for the microcomputer designer. 



8801 INTERFACE 



PACKAGING INFORMATION 



HDh 




i- t 





18801 


1— - 







STSTB(T0 8228PIN1) 
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APPLICATIONS 

The selection of 1 8.432 MHz provides the 8080A with clocks 
whose period is 488ns. This allows the 8080A to operate at 
very close to its maximum specified speed (480 ns). The 
8224, when used with the 8801, outputs a signal on its OSC 
pin that is an approximately symetrical square wave at a 
frequency of 18.432 MHz. This frequency signal can be 
easily divided down to generate an accurate, stable baud 
rate clock that can be connected directly to the transmitter 
or receiver clocks of the 8251 USART. This feature allows 
the designer to support most standard communication 
interfaces with a minimum of extra hardware. 

The chart below (Fig. 1) shows the equivalent baud rates 
that are generated with the corresponding dividers. 




Figure 1. Block Diagram 



BAUD RATE 
64x 


BAUD RATE 
16x 


FREQUENCY 


BASIC 
DIVIDER 


PLUS TRIM 
DIVIDER 


9600 




614.4 KH 




-30 


- 


4800 


19.2K 


307.2 KH 




-30 


^2 


2400 


9600 


153.6 KH 




-30 


^4 


1200 


4800 


76.8 KH 




30 


-^8 


600 


2400 


38.4 KH 




-30 


^16 


300 


1200 


19.2 KH 




-30 


^32 




600 


9.6 KH 




-30 


^64 




300 


4.8 KH 




-30 


^128 


*109.1 




6.982 KH 




-30 


-88 



*For 109.1 (64x) Baud rate divide 1200 Baud Frequency (76.8 KH) by 11. 



Figure 2. Baud Rate Chart 
ELECTRICAL CHARACTERISTICS 

Recommended Drive Level 5mW 

Type of Resonance Series 

Equivalent Resistance 20 ohms 

Maximum Shunt Capacity 7pF 

Maximum Frequency Deviation 

0° - 70°C ± .005% 

-55°- 1 25°C ± .002% 
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8228/8238 

SYSTEM CONTROLLER AND BUS DRIVER 

FOR 8080A CPU 



Single Chip System Control for 



<iTM 



MCS-80"" Systems 



User Selected Single Level Interrupt 
Vector (RST 7) 



Built-in Bidirectional Bus Driver for 
Data Bus Isolation 

Allows tlie Use of Multiple Byte 
Instructions (e.g. CALL) for Interrupt 
Acknowledge 



■ 28-Pln Dual In-Line Package 

■ Reduces System Package Count 

■ *8238 Has Advanced lOW/MEMW for 
Large System Timing Control 



The Intel® 8228 is a single chip system controller and bus driver for MCS-80. It generates all signals required to 
directly interface MCS-80 family RAM, ROM, and I/O components. 

A bidirectional bus driver is included to provide high system TTL fan-out. It also provides isolation of the 8080 data bus 
from memory and I/O. This allows for the optimization of control signals, enabling the systems designer to use slower 
memory and I/O. The isolation of the bus driver also provides for enhanced system noise immunity. 

A user selected single level interrupt vector (RST 7) Is provided to simplify real time, interrupt driven, small system 
requirements. The 8228 also generates the correct control signals to allow the use of multiple byte instructions (e.g., 
CALL) in response to an interrupt acknowledge by the 8080A. This feature permits large, interrupt driven systems to 
have an unlimited number of interrupt levels. 

The 8228 is designed to support a wide variety of system bus structures and also reduce system package count for 
cost effective, reliable design of the MCS-80 systems. 



PIN CONFIGURATION 




BLOCK DIAGRAM 



CPU 
DATA 
BUS 



BIDIRECTIONAL 
BUS DRIVER 



■ DB, 
DB, 



SYSTEM DATA BUS 




DRIVER CONTROL 



STATUS 
LATCH 



STSTB - 

DBIN - 

WR ■ 

HLDA - 



GATING 
ARRAY 



MEM R 
MEMW 
ITOR 

[Tow 

BUSEN 
INTA 



PIN NAMES 



D7D0 


DATA BUS (8080 SIDE) 




INTA 


INTERRUPT ACKNOWLEDGE 


DB7-DB0 


DATA BUS {SYSTEM SIDE) 




HLDA 


HLDA (FROM 8080) 


ITOR 


I/O READ 




WR 


WR (FROM 8080) 


l/OW 


I/O WRITE 




BUSEN 


BUS ENABLE INPUT 


MEMR 


MEMORY READ 




STSTB 


STATUS STROBE (FROM 8224) 


MEMW 


MEMORY WRITE 




Vcc 


+5V 


DBIN 


DBIN (FROM 8080) 




GND 


VOLTS 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias — 0°Cto 70°C 

Storage Temperature -65°C to 150°C 

Supply Voltage, Vqc -0.5V to +7V 

Input Voltage -1.5V to +7V 

Output Current 100mA 



*COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 





D.C. CHARACTERISTICS Ta = o°c to 70°C; Vcc 


= 5V ±5%. 








Symbol 


Parameter 


Limits 


Unit 






Min. 


Typ.li] 


Max. 


Test Conditions 




Vc 


Input Clamp Voltage, All Inputs 




.75 


-1.0 


V 


Vcc=4.75V; lc=-5mA 




If 


Input Load Current, 
STSTB 






500 


ma 


Vcc = 5.25V 




D2&D6 






750 


ma 


Vf=0.45V 




Do,Dt,D4, D5, 
& D7 






250 


ma 






Another Inputs 






250 


/iA 






Ir 


Input Leakage Current 
STSTB 






100 


ma 


Vcc = 5.25 V 




DB0-DB7 






20 


ma 


Vr= 5.25V 




All Other Inputs 






100 


ma 






Vth 


Input Threshold Voltage, All Inputs 


0.8 




2.0 


V 


Vcc = 5V 




'cc 


Power Supply Current 




140 


190 


mA 


Vcc=5.25V 




Vol 


Output Low Voltage, 
D0-D7 






.45 


V 


Vcc=4.75V;loL=2mA 


All Other Outputs 






.45 


V 


IOL = 10mA 




VOH 


Output High Voltage, 
D0-D7 


3.6 


3.8 




V 


Vcc=4.75V;Ioh = -10mA 




All Other Outputs 


2.4 






V 


Iqh =-1mA 




los 


Short Circuit Current, All Outputs 


15 




90 


mA 


Vcc=5V 




'o(off) 


Off State Output Current, 
All Control Outputs 






100 


ma 


Vcc=5.25V;Vo=5.25 




-100 


ma 


Vo=.45V 




•iNT 


INTA Current 






5 


mA 


(See Figure below) 



Note 1 : Typical values are for T/\ = 250C and nominal supply voltages. 



9-26 



8228/8238 



WAVEFORMS 



j~\ii r~^ 



j^~^ r\. 



/ — v_j \ / \ / \ / V. 




SYSTEM BUS DURING READ 



low OR MEMW 



8080 BUS DURING WRITE 



SYSTEM BUS DURING WRITE 



SYSTEM BUS ENABLE 



-J tg h— -H ^E K- 



SYSTEM BUS OUTPUTS - 



VOLTAGE MEASUREMENT POINTS: D0-D7 (when outputs) Logic "0" = 0.8V, Logic "1" = 3.0V. All other signals measured 

at 1.5 V. 



*ADVANCED lOW/MEMW FOR 8238 ONLY. 



A.C. CHARACTERISTICS Ta = o°c to 70"C; Vcc = 5V ±5%. 





— - — ■ 1 

Parameter 


Limits 


Units 


i 


Symbol 


Min. 


Max. 


Condition 


tpw 


Width of Status Strobe 


22 




ns 




tss 


Setup Time, Status Inputs D0-D7 


8 




ns 




tSH 


Hold Time, Status Inputs D0-D7 


5 




ns 




tDC 


Delay from STSTB to any Control Signal 


20 


60 


ns 


Cl = lOOpF 


tRR 


Delay from DBIN to Control Outputs 




30 


ns 


Cl = lOOpF 


tRE 


Delay from DBIN to Enable/Disable 8080 Bus 




45 


ns 


Cl = 25pF 


tRD 


Delay from System Bus to 8080 Bus during Read 




30 


ns 


Cl = 25pF 


tWR 


Delay from WR to Control Outputs 


5 


45 


ns 


Cl = 100pF 


tWE 


Delay to Enable System Bus DB0-DB7 after STSTB 




30 


ns 


Cl= lOOpF 


two 


Delay from 8080 Bus D0-D7 to System Bus 
DB0-DB7 during Write 


5 


40 


ns 


Cl = lOOpF 


tE 


Delay from System Bus Enable to System Bus DB0-DB7 




30 


ns 


Cl = lOOpF 


tHD 


HLDA to Read Status Outputs 




25 


ns 




tDS 


Setup Time, System Bus Inputs to HLDA 


10 




ns 




tDH 


Hold Time, System Bus Inputs to HLDA 


20 




ns 


Cl = lOOpF 
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CAPACITANCE 

This parameter is periodically sampled and not 100% tested. 



Symbol Parameter 


Limits 


Unit 


Min. 


Typ.fl] 


Max. 


C||\| Input Capacitance 




8 


12 


PF 


Output Capacitance 
°^^ Control Signals 




7 


15 


pF 


I/O Capacitance 
' (D or DB) 




8 


15 


pF 


Test Conditions: NS: Vbias = 2.5V, Vcc = 5.0V, Ta = 25°C, f = 1 MHz. 



Note 2: For D0-D7: R^ = 4Kn, R2 = °°n, 
Cl = 25pF. For all other outputs: 
Rl =500n, R2= IKn, Cl= lOOpF. 



\gh 



4\^cc 



A^ 



© 



Figure 1. INTA Test Circuit (for RST 7) 



GND. - 
+5V- 



SYSTEMDMAREQ.- 



SYSTEM INT. REQ. - 
INT. ENABLE- 



TANK- 
OSC - 

02 <TTL) - 
RDYIN - 

RESIN - 
+12V- 
+5V- 
GND- 



£°g: 



8224 

CLOCK 

GENERATOR 

DRIVER 



TT 



WAIT 
READY 



STATUS STROBE 



«15 
WR 

DBIN 

HDLA 



26 


- '\ 


27 


*■ A 


29 


* A2 


30 


■■ A3 


31 


»■ A4 


32 


•■ A5 


33 


" Ag 


34 


- Ay 


35 


• Ag 


1 


40 


' "1 


37 


• A, 


38 


""^ 


39 




36 


»► A. 



+5V - 
GND- 



22 



8228/8238 

BI-DIRECTIONAL 

BUS DRIVER 



SYSTEM 
CONTROL 



23 

D — 



- ADDRESS BUS 



-DBo 
-DB, 



-DB5 



-•► MEM R 
-*► MEMW 
-*► l/OR 

-*■ i/ow 



— CONTROL BUS 



Figure 2. CPU Standard Interface 
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8205 
HIGH SPEED 1 OUT OF 8 BINARY DECODER 



I/O Port or Memory Selector 

Simple Expansion — Enable Inputs 

High Speed Schottky Bipolar 
Technology — 18ns Max. Delay 

Directly Compatible with TTL Logic 
Circuits 



Low Input Load Current — .25 mA 
max., 1/6 Standard TTL Input Load 

Minimum Line Reflection — Low 
Voltage Diode Input Clamp 

Outputs Sink 10 mA min. 

16-Pin Dual-ln-Line Ceramic or 
Plastic Package 



The 8205 decoder can be used for expansion of systenns which utilize input ports, output ports, and mem- 
ory components with active low chip select input. When the 8205 is enabled, one of its eight outputs goes 
"low", thus a single row of a memory system is selected. The 3 chip enable inputs on the 8205 allow easy 
system expansion. For very large systems, 8205 decoders can be cascaded such that each decoder can drive 

eight other decoders for arbitrary memory expansions. 

® 
The Intel 8205 is packaged in a standard 16 pin dual-in-line package; and its performance is specified over 

the temperature range of 0°C to +75°C, ambient. The use of Schottky barrier diode clamped transistors to 
obtain fast switching speeds results in higher performance than equivalent devices made with a gold diffu- 
sion process. 



PIN CONFIGURATION 



LOGIC SYMBOL 






PIN NAMES 



A0-A2 


ADDRESS INPUTS 


TvEi 


ENABLE INPUTS 


O0-O7 


DECODED OUTPUTS 



ADDRESS 


ENABLE 


OUTPUTS 1 


Ao 


Ai 


A2 


El 


E2 


E3 





1 


2 


3 


4 


5 


6 


7 


L 


L 


L 






H 


L 


H 


H 


H 


H 


H 


H 


H 


H 


L 


L 






H 


H 


L 


H 


H 


H 


H 


H 


H 


L 


H 


L 






H 


H 


H 


L 


H 


H 


H 


H 


H 


H 


H 


L 






H 


H 


H 


H 


L 


H 


H 


H 


H 


L 


L 


H 






H 


H 


H 


H 


H 


L 


H 


H 


H 


H 


L 


H 






H 


H 


H 


H 


H 


H 


L 


H 


H 


L 


H 


H 






H 


H 


M 


H 


H 


H 


H 


L 


H 


H 


H 


H 






H 


H 


H 


H 


H 


H 


H 


H 


L 


X 


X 


X 






L 


H 


H 


H 


H 


H 


H 


H 


H 


X 


X 


X 






L 


H 


H 


H 


H 


H 


H 


H 


H 


X 


X 


X 






L 


H 


H 


H 


H 


H 


H 


H 


H 


X 


X 


X 




H 


L 


H 


H 


H 


H 


H 


H 


H 


H 


X 


X 


X 




L 


H 


H 


H 


H 


H 


H 


H 


H 


H 


X 


X 


X 




H 


H 


H 


H 


H 


H 


H 


M 


H 


H 


X 


X 


X 




H 


H 


H 


H 


H 


H 


H 


H 


H 


H 
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FUNCTIONAL DESCRIPTION 

Decoder 

The 8205 contains a one out of eight binary decoder. It ac- 
cepts a three bit binary code and by gating this input, creates 
an exclusive output that represents the value of the input 
code. 

For example, if a binary code of 101 was present on the AO, 
Al and A2 address input lines, and the device was enabled, 
an active low signal would appear on the 05 output line. 
Note that all of the other output pins are sitting at a logic 
high, thus the decoded output is said to be exclusive. The 
decoders outputs will follow the truth table shown below in 
the same manner for all other input variations. 

Enable Gate 

When using a decoder it is often necessary to gate the out- 
puts with timing or enabling signals so that the exclusive 
output of the decoded value is synchronous with the overall 
system. 

The 8205 has a built-in function for such gating. The three 
enable inputs (El, E2, E3) are ANDed together and create 
a single enable signal for the decoder. The combination of 
both active "high" and active "low" device enable inputs 
provides the designer with a powerfully flexible gating func- 
tion to help reduce package count in his system. 







ENABLE GATE 



O 



ADDRESS 


ENABLE 


OUTPUTS j 


Ao 


Al 


A2 


El 


Ez 


E3 





1 


2 


3 


4 


5 


6 


7 


L 


L 


L 


L 




H 


L 


H 


H 


H 


H 


H 


H 


H 


H 


L 


L 


L 




H 


H 


L 


H 


H 


H 


H 


H 


H 


L 


H 


L 


L 




H 


H 


H 


L 


H 


H 


H 


H 


H 


H 


H 


L 


L 




H 


H 


H 


H 


L 


H 


H 


H 


H 


L 


L 


H 


L 




H 


H 


H 


H 


H 


L 


H 


H 


H 


H 


L 


H 


L 




H 


H 


H 


H 


H 


H 


L 


H 


H 


L 


H 


H 


L 




H 


H 


H 


H 


H 


H 


H 


L 


H 


H 


H 


H 


L 




H 


H 


H 


H 


H 


H 


H 


H 


L 


X 


X 


X 


L 




L 


H 


H 


H 


H 


H 


H 


H 


H 


X 


X 


X 


H 




L 


H 


H 


H 


H 


H 


H 


H 


H 


x 


X 


X 


L 


H 


L 


H 


H 


H 


H 


H 


H 


H 


H 


X 


X 


X 


H 


H 


L 


H 


H 


H 


H 


H 


H 


H 


H 


X 


X 


X 


H 


L 


H 


H 


H 


H 


H 


H 


H 


H 


H 


X 


X 


X 


L 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


X 


X 


X 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 
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APPLICATIONS OF THE 8205 

The 8205 can be used in a wide variety of applications in 
microcomputer systems. I/O ports can be decoded from the 
address bus, chip select signals can be generated to select 
memory devices and the type of machine state such as in 
8008 systems can be derived from a simple decoding of the 
state lines (SO, SI, S2) of the 8008 CPU. 

I/O Port Decoder 

Shown in the figure below is a typical application of the 
8205. Address input lines are decoded by a group of 8205s 
(3). Each input has a binary weight. For example, AO is as- 
signed a value of 1 and is the LSB; A4 is assigned a value of 
16 and is the MSB. By connecting them to the decoders as 
shown, an active low signal that is exclusive in nature and 
represents the value of the input address lines, is available at 
the outputs of the 8205s. 

This circuit can be used to generate enable signals for I/O 
ports or any other decoder related application. 

Note that no external gating is required to decode up to 24 
exclusive devices and that a simple addition of an inverter 
or two will allow expansion to even larger decoder net- 
works. 

Chip Select Decoder 

Using a very similar circuit to the I/O port decoder, an ar- 



o r. 



ray of 8205s can be used to create a simple interface to a 
24K memory system. 

The memory devices used can be either ROM or RAM and 
are IK in storage capacity. 8308s and 8102s are the devices 
typically used for this application. This type of memory de- 
vice has ten (10) address inputs and an active "low" chip 
select (CS). The lower order address bits A0-A9 which come 
from the microprocessor are "bussed" to all memory ele- 
ments and the chip select to enable a specific device or group 
of devices comes from the array of 8205s. The output of 
the 8205 is active low so it is directly compatible with the 
memory components. 

Basic operation is that the CPU issues an address to identify 
a specific memory location in which it wishes to "write" or 
"read" data. The most significant address bits A10-A14 are 
decoded by the array of 8205s and an exclusive, active low, 
chip select is generated that enables a specific memory de- 
vice. The least significant address bits A0-A9 identify a 
specific location within the selected device. Thus, all ad- 
dresses throughout the entire memory array are exclusive 
in nature and are non-redundant. 

This technique can be expanded almost indefinitely to sup- 
port even larger systems with the addition of a few inverters 
and an extra decoder (8205). 



^■^t 





I/O Port Decoder 



24K Memory Interface 
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Logic Element Example 

Probably the most overlooked application of the 8205 is 
that of a general purpose logic element. Using the "on-chip" 
enabling gate, the 8205 can be configured to gate its de- 
coded outputs with system timing signals and generate 
strobes that can be directly connected to latches, flip-flops 
and one-shots that are used throughout the system. 

An excellent example of such an application is the "state 
decoder" in an 8008 CPU based system. The 8008 CPU is- 
sues three bits of information (SO, S1, S2) that indicate the 
nature of the data on the Data Bus during each machine 
state. Decoding of these signals is vital to generate strobes 
that can load the address latches, control bus discipline and 
general machine functions. 

In the figure below a circuit is shown using the 8205 as the 
"state decoder" for an 8008 CPU that not only decodes the 
SO, S1, S2 outputs but gates these signals with the clock 
(phase 2) and the SYNC output of the 8008 CPU. TheTT 



and T2 decoded strobes can connect directly to devices like 
8212s for latching the address information. The other de- 
coded strobes can be used to generate signals to control the 
system data bus, memory timing functions and interrupt 
structure. RESET is connected to the enable gate so that 
strobes are not generated during system reset, eliminating 
accidental loading. 

The power of such a circuit becomes evident when a single 
decoded strobe is logically broken down. Consider TT out- 
put, the boolean equation for it would be: 



T1 = (S0-S1S2)(SYNC-Phase2-Reset) 

A six input NAND gate plus a few inverters would be need- 
ed to implement this function. The seven remaining outputs 
would need a similar circuit to duplicate their function, 
obviously a substantial savings in components can be 
achieved when using such a technique. 






SYSTEM RESET 



State Control Coding 



So 


s, 


s. 


STATE 





1 





T1 





1 


1 


Til 








1 


T2 











WAIT 


1 








T3 


1 
1 


1 
1 




1 


STOP 
T4 


1 





1 


T5 
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ABSOLUTE MAXIMUM RATINGS* 



Temperature Under Bias: Ceramic 
Plastic 


-65°Cto M25°C 
-65°C to +75°C 


Storage Temperature 


-65° C to+160°C 


All Output or Supply Voltages 


-0.5 to +7 Volts 


All Input Voltages 


-1.0 to +5.5 Volts 


Output Currents 


125mA 



^COMMENT 

Stresses above those listed under "Absolute Maximum Rat- 
ing" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or at 
any other condition above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 



D.C. CHARACTERISTICS T^ = OX to +75X, Vrr = 5.0V ±5% 



8205 



SYMBOL 


PARAMETER 


LIMIT 


UNIT 


TEST CONDITIONS 


MIN. 


MAX. 


Ip 


INPUT LOAD CURRENT 




-0.25 


mA 


V^^ = 5.25V, Vp = 0.45V 


R 


INPUT LEAKAGE CURRENT 




10 


ma 


V^^ = 5.25V, Vp, = 5.25V 


Vc 


INPUT FORWARD CLAMP VOLTAGE 




-1.0 


V 


V^^ = 4.75V, 1^ = -5.0 mA 


Vol 


OUTPUT "LOW" VOLTAGE 




0.45 


V 


Vcc=^-75V,loL= 10.0 mA 


VoH 


OUTPUT HIGH VOLTAGE 


2.4 




V 


V^^=4.75V,Iq^= -1.5 mA 


V.L 


INPUT "LOW" VOLTAGE 




0.85 


V 


V^^ = 5.0V 


V,H 


INPUT "HIGH" VOLTAGE 


2.0 




V 


Vcc=5.0V 


'sc 


OUTPUT HIGH SHORT 
CIRCUIT CURRENT 


-40 


-120 


mA 


Vcc=5.0V.Vo^^^0V 


Vox 


OUTPUT "LOW" VOLTAGE 
@ HIGH CURRENT 




0.8 


V 


V^^ = 5.0V, Iqx = 40 mA 


'cc 


POWER SUPPLY CURRENT 




70 


mA 


y^^ = 5.25V 



TYPICAL CHARACTERISTICS 



OUTPUT CURRENT VS. 
OUTPUT "LOW" VOLTAGE 











Ta = 750C ^ 




^i^ 










Ta = 25' 


c^ 




^ 


Vc 


C = 5 


ov 












Ta = o°c 














/ 


















y 


r 
















J 


r 


















f 












Ta 


= 75° 


C-^ 




f 
















/ 




_Jt 


k = 0' 


^ 










Z 


^ 




-1^ = 25 C 









OUTPUT CURRENT VS. 
OUTPUT "HIGH" VOLTAGE 



\, 


1 — 

/ ^ = 


5 OV 


' 






w 


















^' 


A=2 


5 C 






Ta = 


°c- 




7 


Ta = 75°C 1 






























/ 


















/ 






































J 




















/ 


















//[ 















50 


DATA TRANSFER FUNCTION 












1 1 






40 

> 












*'cc 
































— 


— 


= 






^^ 




1 Ta = o^ 


m 




Zhli 


^ JO- 














Y 








^ 








^ 1 


\ 




\ 




1 '' 


Ta 25 C 


V 








T^ = 75°C - 


-A 








10 










































n 
















V 




^ 



.2 .4 .6 .8 
OUTPUT "LOW" VOLTAGE (V) 



1.0 2.0 3.0 4 
OUTPUT "HIGH" VOLTAGE (V) 



.2 .4 .6 .8 1.0 1.2 1.4 1.6 1.8 2.0 
INPUT VOLTAGE (V) 
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8205 SWITCHING CHARACTERISTICS 



CONDJTIONSOF TEST: 

Input pulse amplitudes: 2.5V 

Input rise and fall times: 5 nsec 
between 1V and 2V 

Measurements are made at 1.5V 



TEST LOAD: 



"I 



^l^^5.^^ 



All Transistors 2N2369 or Equivalent. Cl = 30 pF 



TEST WAVEFORMS 



ADDRESS OR ENABLE 
INPUT PULSE 



/ 



\ 



X 



A.C. CHARACTERISTICS T^ = 0°C to +75°C, Vcc = 5.0V ±5% unless otherwise specified. 



SYMBOL 


PARAMETER 


MAX. LIMIT 


UNIT 


TEST CONDITIONS 


t+ + 


ADDRESS OR ENABLE TO 
OUTPUT DELAY 


18 


ns 




t_ + 


18 


ns 




t+_ 


18 


ns 




t__ 


18 


ns 




C,N*^' 


INPUT CAPACITANCE P8205 


4{typ.) 


pF 


f = 1 MHz, Vcc = OV 




C8205 


5(typ.) 


pF 


VbiaS=2.0V.Ta=25OC 



1. This parameter is periodically sampled and is not 100% tested. 



TYPICAL CHARACTERISTICS 



ADDRESS OR ENABLE TO OUTPUT 
DELAY VS. LOAD CAPACITANCE 



1< 



Vcc = 

Ta=2 


5 0V 
5 C 




^ -• 




'^ 








— ' 


1::^^ 













50 100 150 

LOAD CAPACITANCE (pF) 



ADDRESS OR ENABLE TO OUTPUT 
DELAY VS. AMBIENT TEMPERATURE 



!^? 





Vcc = 


5.0V 
30 pF 




t._.t__ 






t_^ 












*+ + 

















AMBIENT TEMPERATURE CX:) 
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8212 
8-BIT INPUT/OUTPUT PORT 



Fully Parallel 8-Blt Data Register and Buffer 

Service Request Fiip-Flop for 
Interrupt Generation 

Low Input Load Current — .25mA Max. 

Three State Outputs 

Outputs Sink 15 mA 



3.65V Output Higii Voltage for 
Direct interface to 8008, 8080A, or 
8085A CPU 

Asynchronous Register Clear 

Replaces Buffers, Latches and 
Multiplexers in Microcomputer Systems 

Reduces System Pacicage Count 



The 8212 input/output port consists of an 8-bit latch with 3-state output buffers along with control and device selection 
logic. Also included is a service request flip-flop for the generation and control of interrupts to the microprocessor. 

The device Is multlmode in nature. It can be used to implement latches, gated buffers or multiplexers. Thus, all of the 
principal peripheral and input/output functions of a microcomputer system can be implemented with this device. 



PIN CONFIGURATION 



Dsy 


1 


24 


MOP 


2 


23 


D«iL 


3 


22 


DOX 


* 


21 


Di,r 


5 


20 


DO2L 


6 19 

7 '"' ,8 


DO3L 


8 


17 


DiX 


9 


16 


DO4L 


10 


15 


sTsr 


11 


14 


gndF 


12 


13 



PIN NAMES 



INT 

DOg 

DO7 

DOg 
Dig 
DO5 
CLR 
DS, 



DliDI, 


DATA IN 


DOiDOt 


DATA OUT 


CSiDS2 


DEVICE SELECT 


MO 


MODE 


STB 


STROBE 


TFiT 


INTERRUPT (ACTIVE LOW) 


CLR 


CLEAR (ACTIVE LOW) 



DEVICE SELECTION p'*— «^ 



LOGIC DIAGRAM 

SERVICE REQUEST FF 

\ 



[r>Dsi-or— ^ 

(ll> DS2— L— 1^ 



D^Q T 



| J^ ^'^^tIl> 



ACTIVE LOW) 




I 1 I 
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FUNCTIONAL DESCRIPTION 
Data Latch 

The 8 flip-flops that make up the data latch are of a "D" 
type design. The output (Q) of the flip-flop will follow the 
data input (D) while the clock input (C) is high. Latching 
will occur when the clock (C) returns low. 

The la tche d data Is cleared by an asynchrono us re set 
Input (CLR). (Note: Clock (C) Overrides Reset (CLR).) 



Output Buffer 

The outputs of the data latch (Q) are connected to 3-state, 
non-inverting output buffers. These buffers have a 
conrimon control line (EN); this control line either enables 
the buffer to transmit the data from the outputs of the data 
latch (Q) or disables the buffer, forcing the output into a 
high Impedance state. (3-state) 

The high-impedance state allows the designer to connect 
the 8212 directly onto the microprocessor bi-directional 
data bus. 



Control Logic 

The 8212 has control inputs DS1, DS2, MD and STB. 
These inputs are used to control device selection, data 
latching, output buffer state and service request flip-flop. 



DS1, DS2 (Device Select) 

These 2 inputs are used for device selection. When DS1 is 
low and DS2 is high (DS1 • DS2) the device is selected. In 
the selected state the output buffer is enabled and the 
service request flip-flop (SR) is asynchronously set. 



MD (Mode) 

This input is used to control the state of the output buffer 
and to determine the source of the clock input (C) to the 
data latch. 

When MD is high (output mode) the output buffers are 
enabled and the source of clock (C) to the data latch is 
from the device selection logic (DS1 • DS2). 

When MD is low (input mode) the output buffer state is 
determined by the device selection logic (DS1 • DS2) and 
the source of clock (C) to the data latch Is the STB 
(Strobe) input. 



STB (Strobe) 

This input is used as the clock (C) to the data latch for the 
input mode MD = 0) and to synchronously reset the 
service request flip-flop (SR). 

Note that the SR flip-flop is negative edge triggered. 



Service Request Flip-Flop 

The (SR) flip-flop is used to generate and control 
interrupts in m icroc omputer systems. It Is asynchron- 
ously set by the CLR input (active low). When the (SR) flip- 
flop is set it is in the non-interrupting state. 

The output of the (SR) flip-flop (Q) is connected to an 
inverting input of a "NOR" gate. The other input to the 
"NOR" gate is non-inverting and is connected to the 
device selection logic (DS1 • DS2). The output of the 
"NOR" gate (INT) Is active low (interrupting state) for 
connection to active low Input priority generating circuits. 

SERVICE REQUEST FF 



DEVICE SELECTION 

[T3> n^?— ! J 



{X>^^ 



T j^ ^'NT^ 



(ACTIVE LOW) 




[r>Dli- 
[|>Dl2- 
E>Dl3- 

[1>D14- 
[T6>Dl5- 
[t|>DI6- 
[20>Dl7- 
[22>Dl8- 



DATA LATCH 



{l?>CLR ol V> 
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=^'rx I 

D -- --|>--D07[19> 



I I 

I I 

J I 
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STB 


•SR 
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Applications of the 8212 - 
l\/licrocomputer Systems 

I Basic Schematic Symbol 

II Gated Buffer 

III Bi-Directional Bus Driver 

IV Interrupting Input Port 



For 



V Interrupt Instruction Port 

VI Output Port 

VII 8080A Status Latch 

VIII 8085A Address Latch 



1. Basic Schematic Symbols 

Two examples of ways to draw the 8212 on system 
schematics — (1 ) the top being the detailed view showing 
pin numbers, and (2) the bottom being the symbolic view 



showing the system input or output as a system bus (bus 
containing 8 parallel lines). The output to the data bus is 
symbolic in referencing 8 parallel lines. 



BASIC SCHEMATIC SYMBOLS 

INPUT DEVICE 



OUTPUT DEVICE 






II. Gated Buffer (3-State) 

The simplest use of the 8212 is that of a gated buffer. By 
tying the mode signal low and the strobe input high, the 
data latch is acting as a straight through gate. The output 
buff ers are then enabled from the device selection logic 
DS1 and DS2. 

When the device selection logic is false, the outputs are 3- 
state. 

When the device selection logic is true, the input data from 
the system is directly transferred to the output. The input 
data load is 250 micro amps. The output data can sink 15 
milli amps. The minimum high output is 3.65 volts. 



GATED BUFFER 
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III. Bi-Directional Bus Driver 

A pair of 821 2's wired (back-to-bacl<) can be used as a 
symmetrical drive, bi-directional bus driver. The devices 
are controlled by the data bus Input control which is 
connected to DS1 on the first 8212 and to DS2 on the 
second. One device is active, and acting as a straight 
through buffer the other is in 3-state mode. This Is a very 
useful circuit in small system design. 



BI-DIRECTIONAL BUS DRIVER 



DATA , 
BUS 4 



7Y 



^ 



DATA BUS 
CONTROL - 
(0= L - R) 
(l = R-*L) 



GND 



"P 



C 



DATA 
. BUS 




IV. Interrupting Input Port 

This use of an 8212 is that of a system input port that 
accepts a strobe from the system input source, which in 
turn clears the service request flip-flop and interrupts the 
processor. The processor then goes through a service 
routine, identifies the port, and causes the device 
selection logic to go true — enabling the system input data 
onto the data bus. 



INTERRUPTING INPUT PORT 




H>- 



TO PRIORITY CKT 
(ACTIVE LOW) 

TO CPU 
INTERRUPT INPUT 



V. Interrupt Instruction Port 

The 8212 can be used to gate the interrupt instruction, 
normally RESTART instructions, onto the data bus. The 
device is enabled from the interrupt acknowledge signal 
from the microprocessor and from a po rt se lection signal. 
This signal is normally tied to ground. (DS1 could be used 
to multiplex a variety of interrupt instruction ports onto a 
common bus). 



INTERRUPT INSTRUCTION PORT 



RESTART 

INSTRUCTION 

(RST 



ART ^.-L-K 

=(ucTioN c y 

— RST7) ^-f-V 



(DSI) PORT SELECTION 
INTERRUPT ACKNOWLEDGE 
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VI. Output Port (With Hand-Stiaking) 

The 821 2 can be used to transmit data from the data bus to 
a system output. The output strobe could be a hand- 
shaking signal such as "reception of data" from the device 
that the system is outputting to. It in turn, can interrupt the 
system signifying the reception of data. The s elec tion of 
the port comes from the device selection logic.(DS1 • DS2) 



OUTPUT PORT (WITH HAND-SHAKING) 




OUTPUT STROBE 



SYSTEM OUTPUT 



SYSTEM RESET 



PORT SELECTION 
(LATCH CONTROL) 
(D§1.DS2) 



VII. 8080A Status Utch 

Here the 8212 is used as the status latch for an 8080A 
microcomputer system. The input to the 8212 latch is 
directly from the 8080A data bus. Timing shows that when 
the SYNC signal is true, which is connected to the DS2 
input and the phase 1 signal is true, which is a TTL level 
coming from the clocl( generator; then, the status data will 
be latched into the 8212. 



Note: The mode signal is tied high so that the output on the 
latch is active and enabled all the time. 

It is shown that the two areas of concern are the bi- 
directional data bus of the microprocessor and the control 
bus. 





BASIC 
CONTF 
BUS 





T1 


T2 1 


01 


r\ 


r 


\ 


62 


n 


\ 


lOL ^^ 










SYNC 


r 






\ 






DATA 


\ 


' 










\ 




STATUS 


) 


k. 
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VIII. 8085A Low-Order Address Latch 

The 8085A microprocessor uses a multiplexed address/ 
data bus that contains the low order 8-bits of address 
information during the first part of a machine cycle. The 
same bus contains data at a later time in the cycle. An 
address latch enable (ALE) signal is provided by the 
8085 A to be used by the 821 2 to latch the address so that it 
may be available through the whole machine cycle. Note: 
In this configuration, the MODE input is tied high, keeping 
the 821 2's output buffers turned on at all times. 





Do 
Di 

D2 
D3 
D4 

D5 

De 

D7 



— DATA BUS 



Vcc 

Jl 



Dh STB DOi 



8212 



CLR 

DS, MD DSi 



4 ^ 


^AoH 




6 


.Ai 




B ^ 
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-T- 


.A3 


LOW ORDER 
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.A4 
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-Ar 
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-Afi 




21^^ 


^A7 
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ABSOLUTE MAXIMUM RATINGS' 



Temperature Under Bias Plastic 0° C to +70° C 

Storage Temperature -65°C to +160°C 

All Output or Supply Voltages -0.5 to +7 Volts 

All Input Voltages -1.0 to 5.5 Volts 

Output Currents 100mA 



•COMMENT 

Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those 
indicated m the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods 
may affect device reliability. 



D.C. CHARACTERISTICS Ta = o°c to +75° c, Vcc = +5V ±5% 



Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Min. 


Typ. 


Max. 


If 


Input Load Current, ACK, DS2, OR, 
DI1-DI8 Inputs 






-.25 


mA 


Vf = .45V 


If 


Input Load Current MD Input 






-.75 


mA 


Vf = .45V 


If 


Input Load Current DSi Input 






-1.0 


mA 


Vf = .45V 


IR 


Input Leakage Current, ACK, DS, OR, 
DI1-DI8 Inputs 






10 


mA 


Vr < Vcc 


IR 


Input Leakage Current MO Input 






30 


mA 


Vr < Vcc 


iR 


Input Leakage Current DSi Input 






40 


mA 


Vr < Vcc 


Vc 


Input Forward Voltage Clamp 






-1 


V 


Ic = -5mA 


ViL 


Input "Low" Voltage 






.85 


V 




VlH 


Input "High" Voltage 


2.0 






V 




Vol 


Output "Low" Voltage 






.45 


V 


lOL = 15mA 


VOH 


Output "High" Voltage 


3.65 


4.0 




V 


lOH = -1mA 


isc 


Short Circuit Output Current 


-15 




-75 


mA 


Vo = OV, Vcc = 5V 


noi 


Output Leakage Current High 
Impedance State 






20 


/xA 


Vo = .45V/5.25V 


Ice 


Power Supply Current 




90 


130 


mA 
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TYPICAL CHARACTERISTICS 



8212 



INPUT CURRENT VS. INPUT VOLTAGE 



OUTPUT CURRENT VS. OUTPUT "LOW" VOLTAGE 





1 
Vcc=+5.0V 


/ 


:^5^ 


r 
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fl 


^ 






T 


,=00-- 
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/ 


^T^=25 C 
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-300 

















1 

Vcc = +5.0V 












>^ 




^'■^'•^^^i^ 


/ 




/> 


^,. 


= 0°C 


^ 
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INPUT VOLTAGE (V) 



OUTPUT "LOW" VOLTAGE (V) 



OUTPUT CURRENT VS. 
OUTPUT "HIGH" VOLTAGE 



DATA TO OUTPUT DELAY 
VS. LOAD CAPACITANCE 



Vcc = ^5 


ov 
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J 


^ 




Ta=7 


"^ 
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^ 
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5 C 




./ 
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OUTPUT "HIGH" VOLTAGE (V) 



Vcc=^ 

Ta=2 
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LOAD CAPACITANCE (pF) 



DATA TO OUTPUT DELAY 
VS. TEMPERATURE 



WRITE ENABLE TO OUTPUT DELAY 
VS. TEMPERATURE 



Vcc = -^5 
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A.C. CHARACTERISTICS Ta = cc to +7o°c, Vcc = +5V ± 5% 



Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Min. 


Typ. 


Max. 




tpw 


Pulse Width 


30 






ns 




tPD 


Data to Output Delay 






30 


ns 


Note1 


tWE 


Write Enable to Output Delay 






40 


ns 


Note 1 


tSET 


Data Set Up Time 


15 






ns 




tH 


Data Hold Time 


20 






ns 




tR 


Reset to Output Delay 






40 


ns 


Note 1 


ts 


Set to Output Delay 






30 


ns 


Note 1 


tE 


Output Enable/Disable Time 






45 


ns 


Note 1 


tc 


Clear to Output Delay 






55 


ns 


Note 1 



CAPACITANCE* f = imhz, Vbias = 2.5V, vcc = +5V, Ta = 25°c 



Symbol 


Test 


Limits 


Typ. ly^ax. 


CiN 


DSi MD Input Gapacitance 


9pF 12pF 


Gin 


DS2, GK, AGK. Dli-Dl8 
Input Capacitance 


5pF 9pF 


Gout 


DOi-DOs Output Gapacitance 


8pF 12pF 



*This parameter is sampled and not 100% tested. 



SWITCHING CHARACTERISTICS 

Conditions of Test 

Input Pulse Amplitude = 2.5V 

Input Rise and Fall Times 5ns 

Between IV and 2V Measurements made at 1.5V 

with 15mA and 30pF Test Load 

Note 1: 



Test Load 

15mA & 30pF 



Vcc 



Test 


Cl* 


Ri 


R2 


tPD, twE, tR, ts, tc 


30pF 


soon 


6oon 


tE, ENABLE! 


30pF 


i0Kn 


iKn 


tE, ENABLE i 


30pF 


soon 


6oon 


tE, DISABLE! 


5pF 


soon 


60on 


tE, DISABLEi 


5pF 


lOKn 


IKn 



Ri 



TO 
D 



Cl* zp 



1 r 



*INCLUDING JIG & PROBE CAPACITANCE 



*lncludes probe and jig capacitance. 
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TIMING DIAGRAM 
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OUTPUT 
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NOTE: ALTERNATIVE TEST LOAD h~ ^ 
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8214 
PRIORITY INTERRUPT CONTROL UNIT 



8 Priority Levels 
Current Status Register 
Priority Comparator 



■ Fully Expandable 

■ High Performance (50 ns) 

■ 24-Pln Dual In-Llne Package 



The Intel* 8214 is an 8-level priority interrupt control unit (PICU) designed to simplify interrupt-driven microcomputer 
systems. 

The PICU can accept 8 requesting levels; determine the highest priority, compare this priority to a software controlled 
current status register and issue an interrupt to the system along with vector information to identify the service 
routine. 

The 8214 Is fully expandable by the use of open collector interrupt output vector information. Control signals are also 
provided to simplify this function. 

The PICU is designed to support a wide variety of vectored interrupt structures and reduce package count in interrupt- 
driven microcomputer systems. 

*Not«: Th« specifications for the 3214 are identical with those for the 8214. 



PIN CONFIGURATION 



LOGIC DIAGRAIVI 




PIN NAMES 



INPUTS 




R5^ 


RKOUI$T LEVELS (R7 HIGHEST PBIORITY) 


SiTii 


CURRENT STATUS 


SSi 


STATUS QROUP SELECT 


IM 


ENABLE CURRENT STATUS 


INTi 


INTERRUPT ENABLE 


CLiC 


CLOCK (INT FP) 


wa 


ENABLE LEVEL READ 


ETLO 


ENABLE THIS LEVEL GROUP 


OUTPUTS 




ViTa 


REQUEST LEVELS I OPEN 
INTERRUPT <ACT. LOWl J COLLECTOR 


m 


ENLO 





[lT> ELR 
(13>ETLG 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias O^'C to TB^C 

Storage Temperature --65°C to +160°C 

All Output and Supply Voltages -0.5V to +7V 

All Input Voltages -1.0V to +5.5V 

Output Currents 100 mA 

*COMMENT: Stresses above those listed under "Absolute Maximum Rating" may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or at any other condition above those indicated in the operational sections of this specifi- 
cations is not implied. Exposure to absolute maximum ratings for extended periods may affect device reliability. 



D.C. AND OPERATING CHARACTERISTICS 

Ta = 0°C to +70°C, Vcc = 5V ±5%. 



Symbol 


Parameter 


Limits 


Unit 


Conditions 


Min. 


Typ.flJ 


Max. 


Vc 


Input Clamp Voltage (all inputs) 






-1.0 


V 


lc=-5mA 


•f 


Input Forward Current: ETLG Input 

all other inputs 




-.15 
-.08 


-0.5 
-0.25 


mA 
mA 


Vf=0.45V 


Ir 


Input Reverse Current: ETLG input 

all other inputs 






80 
40 


MA 

ma 


Vr=5.25V 


V,L 


Input LOW Voltage: all inputs 






0.8 


V 


Vcc=5.0V 


V|H 


Input HIGH Voltage: all inputs 


2.0 






V 


Vcc=5.0V 


Ice 


Power Supply Current 




90 


130 


mA 


See Note 2. 


Vol 


Output LOW Voltage: all outputs 




.3 


,45 


V 


l0L=15mA 


VOH 


Output HIGH Voltage: ENLG output 


2.4 


3.0 




V 


l0H=-1mA 


los 


' ' 

Short Circuit Output Current: ENLG output 


-20 


-35 


-55 


mA 


Vos=0V,Vcc=5.0V 


'CEX 


Output Leakage Current: INT and A0-A2 






100 


fJLA 


Vcex=5.25V 



NOTES: 

1 . Typical values are for T/^ = 25" C, Vcc ~ 5.0V, 

2. B0-B2, SGS. CLK, R0-R4 grounded, all other inputs and all outputs open. 
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A.C. CHARACTERISTICS Ta = o°c to +70°c. Vcc = +5V ±5% 




Parameter 


Limits 




Symbol 


Min. 


Typ.lll 


Max. 


Unit 


tCY 


CLK Cycle Time 


80 


50 




ns 


tpw 


CLK,ECSJNT Pulse Width 


25 


15 




ns 


tiss 


INTE Setup Time to CLK 


16 


12 




ns 


t|SH 


INTE Hold Time after CLK 


20 


10 




ns 


tETCsl2l 


ETLG Setup Time to CLK 


25 


12 




ns 


tETCHl2l 


ETLG Hold Time After CLK 


20 


10 




ns 


tECCst2l 


ECS Setup Time to CLK 


80 


25 




ns 


tECCH^^] 


ECS Hold Time After CLK 









ns 


tECRsl^l 


ECS Setup Time to CLK 


110 


70 




ns 


tECRHl3l 


ECS Hold Time After CLK 











tECSS^^l 


ECS Setup Time to CLK 


75 


70 




ns 


tECSHl2l 


ECS Hold Time After CLK 









ns 


tDCS^2] 


SGS and B0-B2 Setup Time to CLK 


70 


50 




ns 


tDCH^^l 


SGS and B0-B2 Hold Time After CLK 









ns 


tRCS^3] 


R0-R7 Setup Time to CLK 


90 


55 




ns 


tRCHf3] 


R0-R7 Hold Time After CLK 









ns 


tics 


INT Setup Time to CLK 


55 


35 




ns 


tci 


CLK to INT Propagation Delay 




15 


25 


ns 


tRlst^l 


R0-R7 Setup Time to INT 


10 







ns 


tRIH^^l 


R0-R7 Hold Time After INT 


35 


20 




ns 


tRA 


R0-R7 to A0-A2 Propagation Delay 




80 


100 


ns 


tELA 


ELR to A0-A2 Propagation Delay 




40 


55 


ns 


tECA 


ECS to A0-A2 Propagation Delay 




100 


120 


ns 


^ETA 


ETLG to A^-A^ Propagation Delay 




35 


70 


ns 


tDECS^"*^ 


SGS and B0-B2 Setup Time to ECS 


15 


10 




ns 


tDECH^^^ 


SGS and B0-B2 Hold Time After ECS 


15 


10 




ns 


tREN 


R0-R7 to ENLG Propagation Delay 




45 


70 


ns 


^ETEN 


ETLG to ENLG Propagation Delay 




20 


25 


ns 


^ECRN 


ECS to ENLG Propagation Delay 




85 


90 


ns 


tECSN 


ECS to ENLG Propagation Delay 




35 


55 


ns 



CAPACITANCE151 





Parameter 


Limits 




Symbol 


Min. 


Typ.Ml 


Max 


Unit 


C|N 


Input Capacitance 




5 


10 


PF 


COUT 


Output Capacitance 




7 


12 


PF 



Test Conditions: Vbias = 2.5V, Vqc = 5V, Ta = 25°C, f = 1 MHz 

NOTE 5. This parameter is periodically sampled and not 100% tested. 
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8214 



}<ZZX 



A0A2 




NOTES 

(1) 
(2) 
(3) 
(4) 



Typical values are for T^ = 25°C ,Vcc = 5.0V. 

Required for proper operation if ISE is enabled during next clock pulse. 

These tinnes are not required for proper operation but for desired change in interrupt flip-flop. 

Required for new request or status to be properly loaded. 



Test Conditions 

Input pulse amplitude: 2.5 volts. 

Input rise and fall times: 5 ns between 1 and 2 volts. 

Output loading of 15 mA and 30 pf. 

Speed measurements taken at the 1.5V levels. 



Test Load Circuit 



OUT O •■ 
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8216/8226 
4-BIT PARALLEL BIDIRECTIONAL BUS DRIVER 



■ Data Bus Buffer Driver for 8080 CPU 

■ Low Input Load Current — 0.25 mA 
Maximum 

■ High Output Drive Capabiiity for 
Driving System Bus 



3.65V Output Higli Voltage for Direct 
Interface to 8080 CPU 



3-State Outputs 



■ Reduces System Package Count 



The 821 6/8226 Is a 4-blt bidirectional bus driver/receiver. All inputs are low power TTL compatible. For driving MOS, the 
DO outputs provide a high 3.65V Vqh. and for high capacitance terminated bus structures, the DB outputs provide a 
high 50 mA Iql capability. A non-Inverting (8216) and an inverting (8226) are available to meet a wide variety of applica- 
tions for buffering in microcomputer systems. 

*Note: The specifications for the 3216/3226 are identical with those for the 8216/8226. 



PIN CONFIGURATION 



LOGIC DIAGRAM 
8216 



LOGIC DIAGRAM 
8226 




15 "^ DIEN °'o ^>-- 



GNdCZ 8 



PIN NAMES 



DB0-DB3 


DATA BUS 
BIDIRECTIONAL 


DI0-DI3 


DATA INPUT 


DO0-DO3 


DATA OUTPUT 


DIEN 


DATA IN ENABLE 
DIRECTION CONTROL 


c§ 


CHIP SELECT 



DI2 o- 



D03O- 



■^ 



^' 



^P=■ 



^^■ 



\lA 



-O DB2 



-O DB3 



DO2 o— 



"i^ 



:=3^ 



^ 



^ 



^' 



-=3j- 



^5=■ 
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FUNCTIONAL DESCRIPTION 

Microprocessors like the 8080 are MOS devices and are 
generally capable of driving a single TTL load. The same is 
true for MOS memory devices. While this type of drive is 
sufficient in small systems with few components, quite often 
it is necessary to buffer the microprocessor and memories 
when adding components or expanding to a multi-board 
system. 

The 8216/8226 is a four bit bi-directional bus driver specif- 
ically designed to buffer microcomputer system components. 

Bidirectional Driver 

Each buffered line of the four bit driver consists of two 
separate buffers that are tri-state in nature to achieve direct 
bus Interface and bi-directional capability. On one side of 
the driver the output of one buffer and the input of another 
are tied together (DB), this side is used to interface to the 
system side components such as memories, I/O, etc., be- 
cause its interface is direct TTL compatible and it has high 
drive (50mA). On the other side of the driver the inputs 
and outputs are separated to provide maximum flexibility. 
Of course, they can be tied together so that the driver can 
be used to buffer a true bi-directional bus such as the 8080 
Data Bus. The DO outputs on this s4de of the driver have a 
special high voltage output drive capability (3.65V) so that 
direct interface to the 8080 and 8008 CPUs is achieved with 
an adequate amount of noise immunity (350m V worst case). 



Control Gating DIEN, CS 

The CS input is actually a device select. When it is "high" 
the output drivers are all forced to their high-impedance 
state. When it is at "zero" the device is selected (enabled) 
and the direction of the data flow is determined by the 
DIEN input. 

The DIEN input controls the direction of data flow (see 
Figure 1) for complete truth table. This direction control 
is accomplished by forcing one of the pair of buffers into its 
high impedance state and allowing the other to transmit its 
data. A simple two gate circuit is used for this function. 

The 8216/8226 is a device that will reduce component count 
in microcomputer systems and at the same time enhance 
noise immunity to assure reliable, high performance op- 
eration. 
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Figure 1. 8216/8226 Logic Diagrams 
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WAVEFORMS 
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A.C. CHARACTERISTICS 

Ta = 0°C to +70°C, Vcc = +o^/ ±5% 





Parameter 


Limits 


Unit 




Symbol 


Min. 


Typ.lll 


Max. 


Conditions 


Tpoi 


Input to Output Delay DO Outputs 




15 


25 


ns 


CL=30pF,Ri=300n 
R2=60012 


TpD2 


Input to Output Delay DB Outputs 
8216 




19 


30 


ns 


CL=300pF,Ri=90a 




8226 




16 


25 


ns 


R2 = i8on 


Te 


Output Enable Time 

8216 




42 


65 


ns 


(Note 2) 




8226 




36 


54 


ns 


(Note 3) 


Td 


Output Disable Time 




16 


35 


ns 


(Note 4) 



Test Conditions: 

Input pulse amplitude of 2.5V. 

Input rise and fall times of 5 ns between 1 and 2 volts. 

Output loading is 5 mA and 10 pF. 

Speed measurements are made at 1.5 volt levels. 



Test Load Circuit 



CAPACITANCB51 




I 





Parameter 


Limits 




Symbol 


Min. 


Typ.lll 


Max. 


Unit 


C|N 


Input Capacitance 




4 


8 


pF 


COUTI 


Output Capacitance 




6 


10 


pF 


C0UT2 


Output Capacitance 




13 


18 


pF 



Test Conditions VgiAs = 2.5V, Vcc = 5.0V, Ta - 25°C, f = 1 MHz. 

NOTES: 1. Typical values are for T^ = 25" C, Vcc '^ 5.0V. 

2. DO Outputs. Cl = 30pF, R^ = 300/10 Kfl, R2 = 180/1 Kfi; DB Outputs, Cl = SOOpF, R^ = 90/10 Kn, R2 = 180/1 KH. 

3. DO Outputs, CL = 30pF,Ri = 300/10 KH, R2 = 600/1 K; DB Outputs. Cl =300pF, R^ =90/10 KJ2, R2= 180/1 Ka. 

4. DO Outputs, Cl = 5pF, Ri = 300/10 Ktt. R2 =600/1 KO; DB Outputs, Cl = 5pF, R-j = 90/10 Kfi, R2 = 180/1 Kn. 

5. This parameter is periodically sampled and not 100% tested. 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias 0°C to 70°C 

Storage Temperature -65°C to +150°C 

All Output and Supply Voltages -0.5V to +7V 

All Input Voltages -1.0V to+5.5V 

Output Currents 125 mA 



*COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. AND OPERATING CHARACTERISTICS 

Ta = 0°C to +70°C,Vcc=+5V±5% 





Parameter 


Limits 


Unit 




Symbol 


Min. 


Typ. 


Max. 


Conditions 


•fi 


Input Load Current DIEN, CS 




-0.15 


-.5 


mA 


Vf=0.45 


iF2 


Input Load Current All Other Inputs 




-0.08 


-.25 


mA 


Vf=0.45 


Iri 


Input Leakage Current DIEN, CS 






80 


AtA 


Vr= 5.25V 


Ir2 


Input Leakage Current Dl Inputs 






40 


ma 


Vr= 5.25V 


Vc 


Input Forward Voltage Clamp 






-1 


V 


Ic = -5mA 


V|L 


Input "Low" Voltage 






.95 


V 




V|H 


Input "High" Voltage 


2.0 






V 




Hoi 


Output Leakage Current DO 
(3-State) DB 






20 
100 


ma 


Vo = 0.45V/5.25V 




8216 




95 


130 


mA 




'cc 


Power Supply Current 

8226 




85 


120 


mA 




VOLI 


Output "Low" Voltage 




0.3 


.45 


V 


DO Outputs loL=1 5mA 
DB Outputs loL=25mA 


V0L2 


8216 




0.5 


.6 


V 


DB Outputs loL=55mA 


vjuipui LOW voiiage 

8226 




0.5 


.6 


V 


DB Outputs loL=50mA 


VOHI 


Output "High" Voltage 


3.65 


4.0 




V 


DO Outputs loH^-lfT^A 


V0H2 


Output "High" Voltage 


2.4 


3.0 




V 


DB Outputs loH = -10fTiA 


bs 


Output Short Circuit Current 


-15 
-30 


-35 
-75 


-65 
-120 


mA 

mA 




DO Outputs Vo = OV, 
DB Outputs Vcc=5.0V 



NOTE: Typical values are for T^ = 25° C, Vcc = 5.0V. 



9-52 



8216/8226 



APPLICATIONS OF THE 8216/8226 

8080 Data Bus Buffer 

The 8080 CPU Data Bus is capable of driving a single TTL 
load and is more than adequate for small, single board sys- 
tems. When expanding such a system to more than one board 
to increase I/O or Memory size, it is necessary to provide a 
buffer. The 8216/8226 is a device that is exactly fitted to 
this application. 

Shown in Figure 2 are a pair of 8216/8226 connected di- 
rectly to the 8080 Data Bus and associated control signals. 
The buffer is bi-directional in nature and serves to isolate the 
CPU data bus. 

On the system side, the DB lines interface with standard 
semiconductor I/O and Memory components and are com- 
pletely TTL compatible. The DB lines also provide a high 
drive capability (50mA) so that an extremely large system 
can be dirven along with possible bus termination networks. 

On the 8080 side the Dl and DO lines are tied together and 
are directly connected to the 8080 Data Bus for bi-directional 
operation. The DO outputs of the 8216/8226 have a high 
voltage output capability of 3.65 volts which allows direct 
connection to the 8080 whose minimum input voltage is 
3.3 volts. It also gives a very adequate noise margin of 
350m V (worst case). 

The DIEN inputs to 8216/8226 is connected directly to the 
8080. DIEN is tied to DBIN so that proper bus flow is 
maintained, and CS is tied to BUSEN so that the system 
side Data Bus will be 3-stated when a Hold request has been 
acknowledged during a DMA activity. 

Memory and I/O Interface to a Bidirectional Bus 

In large microcomputer systems it is often necessary to pro- 
vide Memory and I/O with their own buffers and at the same 
time maintain a direct, common interface to a bi-directional 
Data Bus. The 8216/8226 has separated data in and data 
out lines on one side and a common bi-directional set on the 
other to accomodate such a function. 

Shown in Figure 3 is an example of how the 8216/8226 is 
used in this type of application. 

The Interface to Memory is simple and direct. The memories 
used are typically Intel® 81 02,81 02A, 81 01 or 8107B-4 and 
have separate data inputs and outputs. The Dl and DO lines 
of the 8216/8226 tie to them directly and under control of 
the MEMR signal, which is connected to the DIEN input, 
an interface to the bi-directional Data Bus is maintained. 

The interface to I/O is similar to Memory. The I/O devices 
used are typically Intel® 825 5s, an d can be used for both 
input and output ports. The I/O R signal is connected di- 
rectly to the DIEN input so that proper data flow from the 
I/O device to the Data Bus is maintained. 



The 8216/8226 can be used in a wide variety of other buf- 
fering functions in microcomputer systems such as Address 
Bus Drivers, Drivers to peripheral devices such as printers, 
and as Drivers for long length cables to other peripherals or 
systems. 




SYSTEM 

DATA 

BUS 



Figure 2. 8080 Data Bus Buffer 
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Figure 3. Memory and I/O Interface 
to a Bidirectional Bus 
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8085A/8085A-2 
SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSORS 



Single +5V Power Supply 

100% Software Compatible with 8080A 

1.3 fjiS Instruction Cycle (8085A); 
0.8 MS (8085A-2) 

On-Chip Clock Generator (with External 
Crystal, LC or RC Network) 

On-Chip System Controller; Advanced 
Cycle Status Information Available for 
Large System Control 



Four Vectored Interrupt Inputs (One is 
non-Maskable) Plus an 8080A- 
compatible interrupt 

Serial In/Serial Out Port 

Decimal, Binary and Double Precision 
Arithmetic 

Direct Addressing Capability to 64k 
Bytes of Memory 



The Intel® 8085A is a complete 8 bit parallel Central Processing Unit (CPU). Its instruction set is 100% software compatible 
with the 8080A microprocessor, and It is designed to Improve the present 8080A's performance by higher system speed. 
Its high level of system integration allows a minimum system of three IC's [8085A (CPU), 8156 (RAM/IO) and 8355/8755A 
(ROM/PROM/IO)] while maintaining total system expandability. The 8085A-2 Is a faster version of the 8085A. 

The 8085A incorporates all of the features that the 8224 (clock generator) and 8228 (system controller) provided for the 
8080A, thereby offering a high level of system integration. 

The 8085A uses a multiplexed data bus. The address is split between the 8 bit address bus and the 8 bit data bus. The 
on-chip address latches of 81 55/81 56/8355/8755 A memory products allow a direct Interface with the 8085A. 
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Figure 1. 8085A CPU Functional Biocl( Diagram 
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Symbol 



Figure 2. 8085A Pinout Diagram 

8085A FUNCTIONAL PIN DEFINITION 

The following describes the function of each pin: 



Symbol 

As-Ais 
(Output, 3-8tate) 



ADo-7 

(Input/Output, 

3-state) 



ALE 
(Output) 



Function 

Address Bus: The most significant 8 
bits of the memory address or the 8 
bits of the I/O address, 3-stated dur- 
ing Hold and Halt modes and during 
RESET. 

Multiplexed Address/Data Bus: Low- 
er 8 bits of the memory address (or 
I/O address) appear on the bus dur- 
ing the first clock cycle (T state) of a 
machine cycle. It then becomes the 
data bus during the second and third 
clock cycles. 

Address Latch Enable: It occurs dur- 
ing the first clock state of a machine 
cycle and enables the address to get 
latched into the on-chip latch of pe- 
ripherals. The falling edge of ALE is 
set to guarantee setup and hold times 
for the address information. The fall- 
ing edge of ALE can also be used to 
strobe the status information. ALE is 



RD 

(Output, 3-state) 



WR 

(Output, 3-8tate) 



READY 
(Input) 



HOLD 
(Input) 



HLDA 
(Output) 





never 3-stated. 


INTR 


So, Si, and lO/M 




(Input) 


(Output) 


Machine cycle status: 
lO/M Si So Status 
1 Memory write 

10 Memory read 

1 1 I/O write 
1 1 I/O read 

1 1 Opcode fetch 

1 1 1 Interrupt Acknowledge 

* Halt 

* X X Hold 

* X X Reset 

* = 3-state (high impedance) 
X = unspecified 





Function 

Si can be used as an advanced R/W 
status. IO/M,So and Si become valid 
at the beginning of a machine cycle 
and remain stable throughout the 
cycle. The falling edge of ALE may be 
used to latch the state of these lines. 

READ control: A low level on RD in- 
dicates the selected memory or I/O 
device is to be read and that the Data 
Bus is available for the data transfer, 
3-stated during Hold and Halt modes 
and during RESET. 

WRITE control: A low level on WR in- 
dicates the data on the Data Bus is to 
be written into the selected memory 
or I/O location. Data is set up at the 
trailing edge of WR. 3-stated during 
Hold and Halt modes and during 
RESET. 

If READYis high duringareadorwrite 
cycle, it indicates that the memory or 
peripheral is ready to send or receive 
data. If READY is low, the cpu will 
wait an integral number of clock 
cycles for READY to go high before 
completing the read or write cycle. 

HOLD indicates that another master 
is requesting the use of the address 
and data buses. The cpu, upon re- 
ceiving the hold request, will re- 
linquish the use of the bus as soon as 
the completion of the current bus 
transfer. Internal processing can con- 
tinue. The processor can regain the 
bus only after the HOLD is removed. 
When the HOLD is acknowledged, the 
Address, Data, RD, WR, and lO/M 
lines are 3-stated. 

HOLD ACKNOWLEDGE: Indicates 
that the cpu has received the HOLD 
request and that it will relinquish the 
bus in the next clock cycle. HLDA 
goes low after the Hold request is 
removed. The cpu takes the bus one 
half clock cycle after HLDA goes low. 

INTERRUPT REQUEST: is used as a 
general purpose interrupt. It is sam- 
pled only during the next to the last 
clock cycle of an instruction and dur- 
ing Hold and Halt states. If it Is active, 
the Program Counter (PC) will be in- 
hibited from incrementing and an 
INTA will be issued. During this cycle 
a RESTART or CALL instruction can 
be inserted to jump to the interrupt 
service routine. The INTR is enabled 
and disabled by software. It is dis- 
abled by Reset and immediately after 
an interrupt is accepted. 
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8085A FUNCTIONAL PIN DESCRIPTION (Continued) 



Symbol 



INTA 
(Output) 



RST 5.5 
RST 6.5 
RST 7.5 
(Inputs) 



TRAP 
(Input) 



RESET IN 
(Input) 



Function 

INTERRUPT ACKNOWLEDGE: Is 
used instead of (and has the same 
timing as) RD during the Instruction 
cycle after an INTR is accepted. It can 
be used to activate the 8259 Interrupt 
chip or some other interrupt port. 

RESTART INTERRUPTS: These three 
inputs have the same timing as INTR 
except they cause an internal RE- 
START to be automatically inserted. 

The priority of these interrupts is 
ordered as shown in Table 1. These 
interrupts have a higher priority than 
INTR. In addition, they may be indi- 
vidually masked out using the SIM 
instruction. 

Trap interrupt is a nonmaskable RE- 
START interrupt. It is recognized at 
the same time as INTR or RST 5.5-7.5. 
It is unaffected by any mask or Inter- 
rupt Enable. It has the highest priority 
of any interrupt. (See Table 1.) 

Sets the Program Counter to zero and 
resets the Interrupt Enable and HLDA 
flip-flops. The dataand address buses 
and the control lines are 3-stated dur- 
ing RESET and because of the asyn- 
chronous nature of RESET, the pro- 
cessor's internal registers and flags 
may be altered by R ESET with u npre- 
dictable results. RESET IN is a 



Symbol 



RESET OUT 
(Output) 



Xl,X2 

(Input) 



CLK 
(Output) 

SID 
(Input) 



SOD 
(Output) 

Vcc 
Vss 



Function 

Schmitt-triggered Input, allowing 
connection to an R-C network for 
power-on RESET delay. The cpu is 
held in the reset condition as long as 
RESET IN is applied. 

Indicates cpu is being reset. Can be 
used as a system reset. The signal is 
synchronized to the processor clock 
and lasts an Integral number of clock 
periods. 

Xi and X2 are connected to a crystal, 
LC, orRCnetworktodrivetheinternal 
clock generator. Xi can also be an 
external clock input from a logic gate. 
The input frequency is divided by 2 to 
give the processor's internal oper- 
ating frequency. 

Clock Output for use as a system 
clock. The period of CLK is twice the 
Xi, X2 input period. 

Serial input data line. The data on this 
line is loaded into accumulator bit 7 
whenever a RIM instruction is exe- 
cuted. 

Serial output data line. The output 
SOD is set or reset as specified by the 
SIM instruction. 

+5 volt supply. 

Ground Reference. 



TABLE 1. INTERRUPT PRIORITY, RESTART ADDRESS, AND SENSITIVITY 



Name 


Priority 


Address Branched To (1) 
When Interrupt Occurs 


Type Trigger 


TRAP 


1 


24H 


Rising edge AND high level until sampled. 


RST 7.5 


2 


3CH 


Rising edge (latched). 


RST 6.5 


3 


34H 


High level until sampled. 


RST 5.5 


4 


2CH 


High level until sampled. 


INTR 


5 


See Note (2). 


High level until sampled. 



NOTES: 

(1) The processor pushes the PC on the stack before branching to the indicated address. 

(2) The address branched to depends on the instruction provided to the cpu when the interrupt is 
acknowledged. 
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FUNCTIONAL DESCRIPTION 

The 8085A is a complete 8-bit parallel central processor. 
It is designed with N-channel depletion loads and requires 
a single +5 volt supply. Its basic clock speed is 3 MHz 
(8085A)or5MHz(8085A-2),thusimprovingonthepresent 
8080A's performance with higher system speed. Also it is 
designed to fit into a minimum system of three IC's: The 
cpu (8085A), a RAM/10 (8156), and a ROM or EPROM/IO 
chip (8355 or 8755A). 

The 8085A has twelve addressable 8-bit registers. Four of 
them can function only as two 16-bit register pairs. Six 
others can be used interchangeably as 8-bit registers or 
as 16-bit register pairs. The8085A register set is as follows: 

Mnemonic Register Contents 



AGO or A 


Accumulator 


8 bits 


PC 


Program Counter 


16-bit address 


BCDE.HL 


General-Purpose 


8 bits X 6 or 




Registers; data 


16 bits X 3 




pointer (HL) 




SP 


Stack Pointer 


16-bit address 


Flags or F 


Flag Register 


5flags(8-bitsp 



The 8085A uses a multiplexed Data Bus. The address is 
split between the higher 8-bit Address Bus and the lower 
8-bit Address/Data Bus. During the first T state (clock 
cycle) of a machine cycle the low order address is sent 
out on the Address/Data bus. These lower 8 bits may be 
latched externally by the Address Latch Enable signal 
(ALE). During the rest of the machine cycle the data bus is 
used for memory or I/O data. 

The 8085A provides RD, WR, So, Si, and lO/M si gnals for 
bus control. An Interrupt Acknowledge signal (INTA) is 
also provided. HOLD, READY, and all Interrupts are syn- 
chronized with the processor's internal clock. The 8085A 
also provides Serial Input Data (SID) and Serial Output 
Data (SOD) lines for simple serial interface. 

In addition to these features, the 8085A has three mask- 
able, vector interrupt pins and one nonmaskable TRAP 
interrupt. 

INTERRUPT AND SERIAL I/O 

The 8085A has 5 interrupt inputs: INTR, RST5.5, RST6.5, 
RST 7.5, and TRAP. INTR is identical in function to the 
8080A INT. Each of the three RESTART inputs, 5.5, 6.5, 
and 7.5, has a programmable mask. TRAP is also a 
RESTART interrupt but it is nonmaskable. 

The three maskable interrupts cause the internal execu- 
tion of RESTART (saving the program counter in the stack 
and branching to the RESTART address) if the interrupts 
are enabled and if the interrupt mask is not set. The non- 
maskable TRAP causes the internal execution of a 
RESTART vector independent of the state of the inter- 
rupt enable or masks. (See Table 1.) 

There are two different types of inputs in the restart in- 
terrupts. RST 5.5 and RST 6.5 are high level-sensitive like 
INTR (and INT on the 8080) and are recognized with the 
same timing as INTR. RST 7.5 is rising edge-sensitive. 

For RST 7.5, only a pulse is required to set an internal 
flip-flop which generates the internal interrupt request. 
(See Section 2.2.7.) The RST 7.5 request flip-flop remains 



set until the request is serviced. Then it is reset auto- 
matically. This flip-flop may al so be reset by using the 
SIM instruction or by issuing a RESET IN to the 8085A. 
The RST 7.5 internal flip-flop will be set by a pulse on the 
RST 7.5 pin even when the RST 7.5 interrupt is masked out. 

The status of the three RST interru pt masks c an only be 
affected by the SIM instruction and RESET IN. (See SIM, 
Chapter 4.) 

The interrupts are arranged in a fixed priority that deter- 
mines which interrupt is to be recognized if more than 
one is pending as follows: TRAP — highest priority, 
RST 7.5, RST 6.5, RST 5.5, INTR — lowest priority. This 
priority scheme does not take into account the priority 
of a routine that was started by a higher priority interrupt. 
RST 5.5 can interrupt an RST 7.5 routine if the interrupts 
are re-enabled before the end of the RST 7.5 routine. 

The TRAP interrupt is useful for catastrophic events such 
as power failure or bus error. The TRAP input is recog- 
nized just as any other interrupt but has the highest 
priority. It is not affected by any flag or mask. The TRAP 
input is both edge and level sensitive. The TRAP input 
must go high and remain high until it is acknowledged. 
It will not be recognized again until it goes low, then high 
again. This avoids any false triggering due to noise or 
logic glitches. Figure 3 illustrates the TRAP interrupt 
request circuitry within the 8085A. Note that the servicing 
of any interrupt (TRAP, RST 7.5, RST 6.5, RST 5.5, INTR) 
disables all future interrupts (except TRAPs) until an El 
instruction is executed. 
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Figure 3. TRAP and RESET IN Circuit 

The TRAP interrupt is special in that it disables interrupts, 
but preserves the previous interrupt enable status. Per- 
forming the first RIM instruction following a TRAP inter- 
rupt allows you to determine whether interrupts were 
enabled or disabled prior to the TRAP. All subsequent 
RIM instructions provide current interrupt enable status. 
Performing a RIM instruction following INTR, or RST 
5.5-7.5 will provide current Interrupt Enable status, 
revealing that Interrupts are disabled. See the descrip- 
tion of the RIM instruction in Chapter 4. 

The serial I/O system is also controlled by the RIM and 
SIM instructions. SID is read by RIM, and SIM sets the 
SOD data. 
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DRIVING THE Xi AND X2 INPUTS 

You may drive the clock inputs of the 8085A or 8085A-2 
with a crystal, an LC tuned circuit, an RC network, or an 
external clock source. The driving frequency must be at 
least 1 MHz, and must be twice the desired internal clock 
frequency; hence, the 8085A Is operated with a 6 MHz 
crystal (for 3 MHz clock ), and the 8085A-2 can be operated 
with a 10 MHz crystal (for 5 MHz clock). If a crystal Is used, 
it must have the following characteristics: 

Parallel resonance at twice the clock frequency desired 

Cl (load capacitance) < 30 pf 

Cs (shunt capacitance) < 7 pf 

Rs (equivalent shunt resistance) < 75 Ohms 

Drive level: 10 mW 

Frequency tolerance: ±.005% (suggested) 

Note the use of the 20 pf capacitors between Xi, X2 and 
ground. These capacitors are required with crystal fre- 
quencies below 4 MHz to assure oscillator startup at the 
correct frequency. A parallel-resonant LC circuit may be 
used as the frequency-determining network for the 8085A, 
providing that its frequency tolerance of approximately 
±10% is acceptable. The components are chosen from 
the formula: 



f = 



1 



To minimize variations in frequency, it is recommended 
that you choose a value for Cext that is at least twice that 
of Cint, or 30 pF. The use of an LC circuit is not recom- 
mended for frequencies higher than approximately 6 MHz. 

An RC circuit may be used as the frequency-determining 
network for the 8085A if maintaining a precise clock fre- 
quency is of no importance. Variations in the on-chip 
timing generation can cause a wide variation in frequency 
when using the RC mode. Its advantage is its low com- 
ponent cost. The driving frequency generated by the 
circuit shown is approximately 3 MHz. It is not recom- 
mended that frequencies greatly higher or lower than this 
be attempted. 

Figure 4 shows the recommended clock driver circuits. 
Note in D and E that pullup resistors are required to assure 
that the high level voltage of the input is at least 4 V. 

For driving frequencies up to and including 6 MHz you 
may supply the driving signal to Xi and leave X2 open- 
circuited (Figue 4D). If the driving frequency is from 6 MHz 
to 1 MHz, stability of the clock generator will be improved 
by driving both Xi and X2 with a push-pull source (Figure 
4E). To prevent self-oscillation of the 8085A, be sure that 
X2 is not coupled back to Xi through the driving circuit. 



27rVL(Cext + Cint) 




*20 pF CAPACITORS REQUIRED FOR 
CRYSTAL FREQUENCY < 4 MHz ONLY. 



A. Quartz Crystal Clock Driver 




B. LC Tuned Circuit Clock Driver 




::::20pF <, 



-o 



470^4 
TO 



Low time > 60 ns 



♦X2 LEFT FLOATING 



Xi 



X2 



D. 1-6 MHz Input Frequency External Clock Driver 
Circuit 



Low time > 40 ns 




C. RC Circuit Clock Driver 



E. 1-10 MHz Input Frequency External Clock Driver 
Circuit 



Figure 4. Clock Driver Circuits 
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GENERATING AN 8085A WAIT STATE 

If your system requirements are such that slow memories 
or peripheral devices are being used, the circuit shown in 
Figure 5 may be used to insert one WAIT state in each 
8085A machine cycle 

The D flip-flops should be chosen so that 

• CLK is rising edge-triggered 

• CLEAR is low-level active. 













i 






Q 




ALE ^ 

+5V •- 


CLEAR 
CLK 

"D" 

F/F 
D 


8085A 

CLK OUTPUT -*- 

Q 


CLK 

"D" 
F/F 
D 


TO 

8085A 
READY 
INPUT 



















Figure 5. Generation of a Wait State for 8085A CPU 

As in the 8080, the READY line is used to extend the read 
and write pulse lengths so that the 8085A can be used with 
slow memory. HOLD causes the cpu to relinquish the bus 
when it is through with it by floating the Address and Data 
Buses. 

SYSTEM INTERFACE 

The 8085A family includes memory components, which 
are directly compatible to the 8085A cpu. For example, a 
system consisting of the three chips, 8085A, 8156, and 
8355 will have the following features: . 

• 2K Bytes ROM 

• 256 Bytes RAM 

• 1 Timer/Counter 

• 4 8-bit I/O Ports 

• 1 6-bit I/O Port 

• 4 Interrupt Levels 

• Serial In/Serial Out Ports 



The 8085A cpu can also interface with the standard 
memory that does not have the multiplexed address/data 
bus. It will require a simple 8212 (8-bit latch) as shown in 
Figure 8. 



HDh III 



8085A 



HOLD 

HLDA 

SOD 



TRAP 
RST7,5 
RST6,5 
RST5,5 
INTR S, 

••^ ADDR/ _ jaSr ^0 

ADDR DATA ALE RD W^ lO/M RDY CLK 



7\ 



_L_I 



PORT 

°8156 



-^\ DATA/ 
) ADDR 



1<X> 



lO/iVi TIMER 
ppcrr OUT 



c> 



\7 V 



ALE 

POR 
CE 

8355/ 
8755A 

DATA/ 
ADDR 

lO/M PORT- 
RESET 



RDY 

CLK 



<^ 



<x> 



TTT 

Vss Vcc Vdd prog 

VA Vcc 

*^/S» Vcc 

W\ Vcc 




•NOTE: OPTIONAL CONNECTION 



This minimum system, using the standard I/O technique 
is as shown in Figure 6. 

In addition to standard I/O, the memory mapped I/O 
offers an efficient I/O addressing technique. With this 
technique, an area of memory address space is assigned 
for I/O address, thereby, using the memory address for 
I/O manipulation. Figure 7 shows the system configura- 
tion of Memory Mapped I/O using 8085A. 



Figure 6. 8085A IVIinimum System (Standard I/O 
Technique) 
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8085A 



A- 

' Am 



^ ADO-7 



8085A MINIMUM SYSTEM CONFIGURATION 



WR RD ALE 



~Z\ 



1^ 



8156 
[RAM + I/O + COUNTER/TIMER] 



•NOTE: OPTIONAL CONNECTION 



7^ 



iz 



A10\ /0-7, 






-Vcc 
•"Vcc 



rstIrdy 

1- 



8355 [ROM + I/O] 

OR 

8755A [PROM + I/O] 



Figure 7. MCS-SS'** Minimum System (Memory Mapped I/O) 



Hnh I 




I/O PORTS, 
CONTROLS 



Figure 8. MCS-SS^** System (Using Standard Memories) 
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BASIC SYSTEM TIMING 

The 8085A has a multiplexed Data Bus. ALE is used as a 
strobe to sample the lower 8-bits of address on the Data 
Bus. Figure 9 shows an instruction fetch, memory read 
and I/O write cycle (as would occur during processing of 
the OUT instruction). Note that during the I/O write and 
read cycle that the I/O port address is copied on both the 
upper and lower half of the address. 

There are seven possible types of machine cycles. Which 
of these seven takes place is defined by the status of the 
three status line s (lO/ M, Si , So) and the three control 
signals (RD, WR, and INTA). (See Table 2.) The status 
lines can be used as advanced controls (for device selec- 
tion, for example), since they become active at the Ti 
state, at tiTe outset of each machine cycle. Control lines 
RD and WR become active later, at the time when the 
transfer of data is to take place, so are used as command 
lines. 

A machine cycle normally consists of three T states, with 
the exception of OPCODE FETCH, which normally has 
either four or six T states ( unless WAIT or HOLD states 
are forced by the receipt of READY or HOLD inputs). Any 
T state must be one of ten possible states, shown in 
Table 3. 



TABLE 2. 8085A MACHINE CYCLE CHART 



MACHINE CYCLE 


STATUS 


COIMTROL 


lO/M 


SI 


so 


RD 


WR 


INTA 


OPCODE FETCH (OF) 

MEMORY READ (MR) 

MEMORY WRITE (MW) 

I/O READ (lOR) 

I/O WRITE (lOW) 

ACKNOWLEDGE 

OF INTR (INA) 

BUS IDLE (BD- DAD 

ACK OF 

RST,TRAP 

HALT 





1 

1 

1 


1 

TS 


1 

1 



1 



1 

1 

1 














1 



1 

1 
1 

1 

TS 


1 
1 


1 



1 
1 

1 

TS 


1 
1 
1 
1 

1 


1 

1 
1 



TABLE 3. 8085A MACHINE STATE CHART 





Status & Buses 


Control 


Machine 
State 


SI, SO 


\om 


A8-A15 


AD0-AD7 


RD,WR 


INTA 


ALE 


Ti 


X 


X 


X 


X 


1 


1 


r 


T2 


x 


X 


X 


X 


X 


X 





TWAIT 


X 


X 


X 


X 


X 


X 





Ts 


X 


X 


X 


X 


X 


X 





T4 


1 


Ot 


X 


TS 


1 







T5 


1 


Ot 


X 


TS 


1 







Te 


1 


ot 


X 


TS 


1 







Treset 


X 


TS 


TS 


TS 


TS 







Thalt 





TS 


TS 


TS 


TS 







Thold 


>^ 


TS 1 TS 


TS 


TS 








= Logic "0" 

1 = Logic "1" 



TS = High Impedance 
X = Unspecified 



* ALE not generated during 2nd and 3rd nnachme cycles of DAD instruction, 
r I0/1V1 = 1 during T4-T5 of INA machine cycle. 







M2 


\ir 


M3 




CLK 


\J 








A8-A15 


Y PC^^ (HIGH ORDER ADDRESS) 


X '''^^^'h 


X 


10 PORT 


X 












AD„ -, 


Y PC. \J\/ \ 


^^EEXX^^D- 


.-^ioportX ^ 


X 




A '^ /\ A X ? 


ALE 


(LOW ORDER DATA FROM 

ADDRESS) MEMORY 

r— I (INSTRUCTION) 


DATA FROM MEMORY 
(I/O PORT ADDRESS) 

/ \ 


n 


DATA TO MEMORY 
OR PERIPHERAL 


n 












RD 


\ / 


\ / 






WR 


^ 




\ / 




lO/M 


/ 




\ 












STATUS 


^ S1S0 (FETCH) 


V 10 (READ) 


X 


01 WRITE 


X " 



Figure 9. 8085A Basic System Timing 
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TABLE 4. ABSOLUTE MAXIMUM RATINGS* 



Ambient Temperature Under Bias 0°C to 70 C 

Storage Temperature —65 C to +150 C 

Voltage on Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1.5 Watt 



XOMMENT 

Stresses above those listedunder "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those 
indicated in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods 
may affect device reliability. 



TABLE 5. D.C. CHARACTERISTICS 

(T^ = 0°C to 70°C; \/qq = 5V ±5%; Vgg = OV; unless otherwise specified) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


V,L 


Input Low Voltage 


-0.5 


+0.8 


V 




V,H 


Input High Voltage 


2.0 


Vcc'+0.5 


V 




Vol 


Output Low Voltage 




0.45 


V 


loL = 2mA 


VOH 


Output High Voltage 


2.4 




V 


loH=-400/iA 


■cc 


Power Supply Current 




170 


mA 




'IL 


Input Leakage 




±10 


MA 


V|n=Vcc 


«L0 


Output Leakage 




±10 


ma 


0.45V < Vout < Vcc 


V,LR 


Input Low Level, RESET 


-0.5 


+0.8 


V 




V.HR 


Input High Level, RESET 


2.4 


Vcc+0.5 


V 




Vhy 


Hysteresis, RESET 


0.25 




V 
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TABLE 6. A.C. CHARACTERISTICS 

TA = 0Xto70X; Vcc = 5V ±5%; Vss = OV 



Symbol 


Parameter 


soasA^^i 


8085A-2I21 
(Preliminary) 


Units 


Min. 


Max. 


Min. 


Max. 




tcYC 


CLK Cycle Period 


320 


2000 


200 


2000 


ns 


fl 


CLK Low Time — Standard 150 pF Loading 
Lightly Loaded^^^ 


80 
100 




40 




ns 
ns 


t2 


CLK High Time — Standard 150 pF Loading 
Lightly Loaded^^^ 


120 
150 




70 




ns 
ns 


totf 


CLK Rise and Fall Time 




30 




30 


ns 


^XKR 


Xi Rising to CLK Rising 


30 


120 


30 


100 


ns 


txKF 


Xi Rising to CLK Falling 


30 


150 


30 


110 


ns 


tAC 


A8-15 Valid to Leading Edge of Control^""^ 


270 




115 




ns 


UCL 


Ao_7 Valid to Leading of Control 


240 




115 




ns 


Ud 


Ao_i5 Valid to Valid Data in 




575 





350 



ns 


Ufr 


Address Float after Leading Edge of READ (INTA) 


ns 


tAL 


A8-15 Valid before Trailing Edge of ALE^^^ 


115 




50 




ns 


Ull 


Ao_7 Valid before Trailing Edge of ALE 


90 




50 




ns 


Ury 


READY Valid from Address Valid 




220 




100 


ns 


tCA 


Address (A8-A15) Valid after Control 


120 




60 




ns 


tec 


Width of Control Low (RD, WR, INTA) Edge of ALE 


400 




230 




ns 


tCL 


Trailing Edge of Control to Leading Edge of ALE 


50 
420 




25 
230 




ns 


tow 


Data Valid to Trailing Edge of WRITE 


ns 


^HABE 


HLDA to Bus Enable 




210 




150 


ns 


^HABF 


Bus Float after HLDA 




210 




150 


ns 


tHACK 


HLDA Valid to Trailing Edge of CLK 


110 




40 




ns 


^HDH 


HOLD Hold Time 












ns 


tHDS 


HOLD Setup Time to Trailing Edge of CLK 


170 




120 




ns 


t|NH 


INTR Hold Time 












ns 


t|NS 


INTR, RST, and TRAP Setup Time to Falling Edge of CLK 


160 




150 




ns 


tLA 


Address Hold Time after ALE 


100 




50 




ns 


tLC 


Trailing Edge of ALE to Leading Edge of Control 


130 




60 




ns 


^LCK 


ALE Low during CLK High 


100 




50 




ns 


^LDR 


ALE to Valid Data during Read 




460 




270 


ns 


^LDW 


ALE to Valid Data during Write 




200 




120 


ns 


tLL 


ALE Width 


140 




80 




ns 


tlRY 


ALE to READY Stable 




110 




30 


ns 
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TABLE 6. A.C. CHARACTERISTICS (Cont.) 



Symbol 


Parameter 


8085At2] 


8085A-212] 
(Preliminary) 


Units 




Min. 


Max. 


Min. 


Max. 




tRAE 


Trailing Edge of READ to Re-Enabling 
of Address 


150 

400 





110 

100 


300 
40 


90 

220 





100 

60 


150 
20 


ns 


tRD 
tRV 


READ (or INTA) to Valid Data 

Control Trailing Edge to Leading Edge 
of Next Control 


ns 
ns 


tRDH 
tRYH 
tRYS 


Data Hold Time After READ INTA ^'^ 

READY Hold Time 

READY Setup Time to Leading Edge 
of CLK 


ns 
ns 
ns 


tWD 
tWDL 


Data Valid After Trailing Edge of WRITE 
LEADING Edge of WRITE to Data Valid 


ns 
ns 



Notes; _ _ 

1. As-Ais address Specs apply to lO/M, So, and Si except As-Ais are undefined during T4-T6 of OF cycle whereas lO/M, So, and 

Si are stable. 
2- Test conditions : tcYC = 320ns (8085A)/200ns (8085A-2); Cl = ISOpF. 

3. For all output timing where Cl = ISOpF use the following correction factors: 
25pF < Cl < 150pF: -0.10 ns/pF 

150pF < Cl < 300pF: +0.30 ns/pF 

4. Output timings are measured with purely capacitive load. 

5. All timings are measured at output voltage Vl = 0.8V, Vh = 2.0V, and 1.5V with 20ns rise and fall time on inputs. 

6. To calculate timing specifications at other values of tcYC use Table 7. 

7. Data hold time is guaranteed under all loading conditions. 

8. Loading equivalent to 50 pF + 1 TTL input. 
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TABLE 7. BUS TIMING SPECIFICATION AS A Tcyc DEPENDENT 



8085A 



^AL 


(1/2)1-45 




MIN 


^LA 


(1/2) T- 60 




MIN 


^LL 


(1/2)1-20 




MIN 


^LCK 


(1/2) T- 60 




MIN 


^LC 


- (1/2)1-30 




MIN 


Ud 


(5/2 + N)T- 


225 


MAX 


^RD 


(3/2 + N)T- 


180 


MAX 


^RAE 


(1/2)1-10 




MIN 


^CA 


- (1/2)1-40 




MIN 


^DW 


(3/2 + N) T - 


60 


MIN 


^WD 


(1/2) T- 60 




MIN 


^CC 


(3/2 + N) T - 


80 


MIN 


^CL 


(1/2)7-110 




MIN 


^ARY 


(3/2) T - 260 




MAX 


^HACK 


(1/2)1-50 




MIN 


^HABF 


(1/2)1 + 50 




MAX 


*HABE 


(1/2)1 + 50 




MAX 


Vc 


(2/2) T - 50 




MIN 


^1 


(1/2)7-80 




MIN 


^2 


(1/2)7-40 




MIN 


^RV 


- (3/2) 7 - 80 




MIN 


^LDR 


(4/2)7-180 




MAX 



8085A-2 (Preliminary) 



^AL 


- (1/2)7-50 


MIN 


^LA 


- (1/2)7-50 


MIN 


^LL 


(1/2)7-20 


MIN 


*LCK 


- (1/2)7-50 


MIN 


*LC 


(1/2)7-40 


MIN 


^AD 


(5/2 + N) 7 -150 


MAX 


*RD 


(3/2 +N) 7 -150 


MAX 


*RAE 


- (1/2)7-10 


MIN 


^CA 


(1/2)7-40 


MIN 


*DW 


- (3/2 + N) 7 - 70 


MIN 


^WD 


(1/2)7-40 


MIN 


^CC 


(3/2 + N) 7 - 70 


MIN 


^CL 


(1/2)7-75 


MIN 


^ARY 


(3/2) 7 - 200 


MAX 


^HACK 


(1/2)7-60 


MIN 


^HABF 


(1/2)7 + 50 


MAX 


^HABE 


- (1/2)7 + 50 


MAX 


^AC 


(2/2) 7-85 


MIN 


^1 


- (1/2)7-60 


MIN 


^2 


- (1/2)7-30 


MIN 


^RV 


- (3/2) 7-80 


MIN 


^LDR 


(4/2)7-130 


MAX 



N07E: N is equal to the total WAI7 states. 
7 = tcYC- 



N07E: N is equal to the total WAI7 states. 
7 = tcYC- 



'\. 



CLK 
OUTPUT 



I ^^ I — \^_i — V_^ \__/ 



/ 



\ 



Figure 10. Clock Timing Waveform 
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Read Operation 
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Write Operation 
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Read operation with Wait Cycie (Typical) — same READY timing applies to WRITE operation. 
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/ \ / \ / V 



ADDRESS ^ ^^ 
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Figure 11. 8085A Bus Timing, With and Without Wait 
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Hold Operation 



f 



(ADDRESS, CONTROLS) 



[*-^HACK-^ 

-* 'HABF— *- 



J — v__/ 



-ii — i- 



> 






<C 



/ 



Figure 12. 8085A Hold Timing. 



"•i \ \ Tj \ '^^ \ \ \ \ ''hold ^ 




lO/M IS ALSO FLOATING DURING THIS TIME. 



Figure 13. 8085A Interrupt and Hold Timing 
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TABLE 8. INSTRUCTION SET SUMMARY 



Mnemonic Description 



instruction Codeiij Clocl((2l 

D7 De O5 D4 D3 Dg Dl Do Cycles 



MOVE. LOAD. 

MOVn r2 
MOV Mr 
MOV r.M 
MVI r 
MVI M 
LXI B 

LXI D 

LXI H 

LXI SP 

STAXB 

STAX D 

LDAXB 

LDAXD 

STA 

LDA 

SHLD 

LHLD 

XCHG 

STACK OPS 

PUSHB 

PUSH D 

PUSH H 

PUSH PSW 

POPB 

POPD 

POPH 

POP PSW 

XTHL 

SPHL 
JUMP 

JMP 

JC 

JNC 

JZ 

JNZ 

JP 

JM 

JPE 

JPO 

PCHL 

CALL 

CALL 

CC 

CNC 

CZ 

CNZ 

CP 

CM 



AND STORE 

Move register to register 

Move register to memory 

Move memory to register 

Move immediate register 

Move immediate memory 

Load immediate register 

Pair B & C 

Load immediate register 

Pair D & E 

Load immediate register 

Pair H & L 

Load immediate stack 

pointer 

Store A indirect 
Store A indirect 
Load A indirect 
Load A indirect 
Store A direct 
Load A direct 
Store H & L direct 
Load H & L direct 
Exchange D & E H & L 
Registers 

Pusti register Pair B & 

C on stack 

Push register Pair & 

E on stack 

Push register Pair H & 

L on stack 

Push A and Flags 

on stack 

Pop register Pair B & 

C off stack 

Pop register Pair D & 

E off stack 

Pop register Pair H & 

L off stack 

Pop A and Flags 

off stack 

Exchange top of 

stack, H & L 

H & L to stack pointer 

Jump unconditional 
Jump on carry 
Jump on no carry 
Jump on zero 
Jump on no zero 
Jump on positive 
Jump on minus 
Jump on parity even 
Jump on parity odd 
H & L to program 
counter 

Call unconditional 
Call on carry 
Call on no carry 
Call on zero 
Call on no zero 
Call on positive 
Call on minus 



01DDDSSS 4 

1 1 1 S S S 7 

1 D D D 1 1 7 

D D D 1 1 7 

110 110 10 

1 10 

10 1 10 

10 1 10 

110 1 10 


















1 











1 





1 
















1 











1 




1 










1 




1 










1 




1 















1 




1 




1 










1 
1 



10 10 

10 10 10 

110 10 

1110 10 

10 

10 10 

1 10 

1110 

110 1 
11110 



1 

1 1 

1 1 

1 





1 
1 1 



12 
12 
12 
12 
10 
10 
10 
10 
16 
6 



10 11 10 

10 110 10 7/10 

10 10 10 7/10 

10 10 10 7/10 

10 10 7/10 

1110 10 7/10 

11110 10 7/10 

110 10 10 7/10 

110 10 7/10 

110 10 1 6 



1 18 

9/18 

9/18 

9/18 

9/18 

9/18 

9/18 



Mnemonic 



Description 



Instruction Codefij Clock(Z) 

D7 De Ds D4 P3 P? Dl Do CyclM 



Call on parity even 
Call on parity odd 

Return 

Return on carry 
Return on no carry 
Return on zero 
Return on no zero 
Return on positive 
Return on minus 
Return on parity even 
Return on parity odd 



CPE 

CPO 

RETURN 

RET 

RC 

RNC 

RZ 

RNZ 

RP 

RM 

RPE 

RPO 

RESTART 

RST Restart 

INPUT/OUTPUT 

IN Input 

OUT Output 

INCREMENT AND DECREMENT 



INRr 
DCRr 
INR M 
OCR M 
INX B 

INX D 

INX H 

INX SP 
DCXB 
DCXD 
OCX H 
DCXSP 

ADO 

ADDr 
ADCr 

ADDM 
ADC M 

ADI 
ACI 

DAD B 
DADO 
DADH 
DADSP 

SUBTRACT 

SUBr 

SBBr 
SUB M 
SBB M 

SUI 



LOGICAL 

ANA I 



Increment register 
Decrement register 
Increment memory 
Decrement memory 
Increment B & C 
registers 
Increment D & E 
registers 
Increment H & L 
registers 

Increment stack pointer 
Decrement B & C 
Decrement D & E 
Decrement H & L 
Decrement stack 
pointer 

Add register to A 

Add register to A 

with carry 

Add memory to A 

Add memory to A 

with carry 

Add immediate to A 

Add immediate to A 

with carry 

Add B & C to H & L 

Add D & E to H & L 

Add H & L to H & L 

Add stack pointer to 

H& L 



Subtract register 

from A- 

Subtract register from 

A with borrow 

Subtract memory 

from A 

Subtract memory from 

A with borrow 

Subtract immediate 

from A 

Subtract immediate 

from A with borrow 



And register with A 



10 110 9/18 

10 10 9/18 

10 1 10 

1 1 6/12 

10 6/12 

10 6/12 

6/12 

1 1 6/12 
1110 6/12 
10 10 6/12 
10 6/12 

A A A 1 1 1 12 

110 11 10 

10 11 10 



D D D 1 4 

D D D 1 1 4 

110 10 10 

110 10 1 10 

11 6 

10 11 6 

10 11 6 

110 11 6 

10 11 6 

110 11 6 

10 10 11 6 

1110 11 6 



S S S 4 

1 S S S 4 

110 7 

1110 7 

10 110 7 

10 1110 7 

10 1 10 

110 1 10 

10 10 1 10 

1110 1 10 



1 1 S S S 4 

1 1 1 S S S 4 

10 10 110 7 

10 11110 7 

110 10 110 7 

110 11110 7 

1 1 S S S 4 



9-68 



8085A/8085A-2 



TABLE 8. INSTRUCTION SET SUMMARY (Continued) 



Description 



Instruction Coded ] Clock|2| 

D7 D6 D5 D4 D3 D2 Di Dp Cycles 



XRAr 


Exclusive Or register 
with A 


1 1 





1 


s 


s 


s 


4 


ORAr 


Or register with A 


1 1 







s 


s 


s 


4 


CMPr 


Compare register with A 


1 1 




1 


s 


s 


s 


4 


ANA M 


And memory with A 


1 1 














7 


XRA M 


Exclusive Or memory 
with A 


1 1 




1 









7 


ORA M 


Or memory with A 


1 1 














7 


CMPM 


Compare memory with A 


1 1 




1 









7 


ANI 


And immediate with A 


1 1 1 














7 


XRI 


•Exclusive Or immediate 
with A 


1 1 1 




1 









7 


ORI 


Or immediate with A 


1 1 1 














7 


CPI 


Compare immediate 
with A 


1 1 1 




1 









7 


ROTATE 


















RLC 


Rotate A left 















1 


4 


RRC 


Rotate A right 








1 






1 


4 



Mnemonic 



Description 



Instruction Codellj Clock|2l 

D7 Db D5 D4 D3 D2 Di Dp Cycles 



RAL 


Rotate A left through 
carry 











1 





1 


1 


1 


4 


RAR 


Rotate A right through 
carry 











1 


1 


1 


1 


1 


4 


SPECIALS 






















CMA 


Complement A 








1 





1 


1 


1 


1 


4 


STC 


Set carry 








1 


1 





1 


1 


1 


4 


CMC 


Complement carry 








1 


1 


1 


1 


1 


1 


4 


DAA 


Decimal adjust A 








1 








1 


1 


1 


4 


CONTROL 






















El 


Enable Interrupts 


1 


1 


1 


1 


1 





1 


1 


4 


DI 


Disable Interrupt 


1 


1 


1 


1 








1 


1 


4 


NOP 


No-operation 


























4 


HLT 


Halt 





1 


1 


1 





1 


1 





5 


NEW 8085A INSTRUCTIONS 




















RIM 


Read Interrupt Mask 








1 

















4 


SIM 


Set Interrupt Mask 








1 


1 














4 



NOTES 1 DDD or SSS B 000, C 001, D 010, E 011, H 100 L 101 Memory 110 A 111 

2 Two possible cycle times, (6/12) indicate instruction cycles dependent on condition flags 

*AII mnemonics copyright ©Intel Corporation 1977 
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81 55/81 56/81 55-2/81 56-2 
2048 BIT STATIC MOS RAM WITH I/O PORTS AND TIMER 



8085A 


8085A-2 


Compatible^^,--^'^ 

CPU_.---'^^"Chip 

^-.--^""^ Enable 


8155 


8155-2 


ACTIVE LOW 


8156 


8156-2 


ACTIVE HIGH 



256 Word x 8 Bits 

Single +5V Power Supply 

Completely Static Operation 

Internal Address Latch 

2 Programmable 8 Bit I/O Ports 



1 Programmable 6-Bit I/O Port 

Programmable 14-Bit Binary Counter/ 
Timer 

Multiplexed Address and Data Bus 

40 Pin DIP 



The 81 55 and 81 56 are RAM and I/O chips to be used in the MCS-85^'' microcomputer system . The RAM portion is designed 
with 2048 static cells organized as 256 x 8. They have a maximum access time of 400 ns to permit use with no wait states 
in 8085A CPU. The 8155-2 and 8156-2 have maximum access times of 330 ns for use with the 8085A-2. 

The I/O portion consists of three general purpose I/O ports. One of the three ports can be programmed to be status pins, 
thus allowing the other two ports to operate in handshake mode. 

A 14-bit programmable counter/timer is also included on chip to provide either a square wave or terminal count pulse for 
the CPU system depending on timer mode. 



PIN CONFIGURATION 



PC^C 


1 


V-/' 


40 


3 Vec 


PC, C 


2 




39 


DPc, 


TIMER IN C 


3 




38 


J PC, 


RESET C 


4 




37 


DPCo 


PC5C 


5 




36 


DPB, 


TIMER out C 


6 




35 


DPBe 


lo/ivi L 


7 




34 


DPB5 


CEORCE*C 


8 




33 


3PB, 


R D C 


9 




32 


H PB3 


WR C 


10 


8155/ 
8156 


31 


IPB, 


ALE C 


11 


81552/ 


30 


DPB, 


ADo C 


12 


8156 2 


29 


3 PBo 


AD, C 


13 




28 


DPA, 


AD2 c 


14 




27 


J PAg 


AD3 c 


15 




26 


:]pAs 


AD, C 


16 




25 


DPA, 


AD5 c 


17 




24 


DPA3 


ADeC 


18 




23 


DPA2 


AD7 c 


19 




22 


DPA, 


Vss C 


20 




21 


DpAo 



ALE- 

RD- 

WR- 

RESET- 



BLOCK DIAGRAM 



-^^ 



256 X 8 
STATIC 
RAM 



I TIMER 



TIMER CLK 

TIMER OUT *- 



>LPORTA. 
PORTB^ 



I Vcc (+5V) 

Vss(OV) 



: 8155/8155-2 = CE. 8156/8156-2 = CE 
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8155/8156 PIN FUNCTIONS 



S ymbol 

RESET 
(input) 



ADo-7 
(input) 



CE or CE 
(input) 

RD 
(input) 



WR 
(input) 



Pulse provided by the 8085A to ini- 
tialize the system (connect to 8085A 
RESET OUT). Input high on this line 
resets the chip and initializes the 
three I/O ports to input mode. The 
width of RESETpulseshouldtypically 
be two 8085A clock cycle times. 

3-state Address/Data lines that inter- 
face with the CPU lower 8-bit Ad- 
dress/Data Bus. The 8-bit address is 
latched into the address latch inside 
the 8155/5Q on the falling edge of 
ALE. The address can be either for 
the memory section or the I/O section 
depending on the lO/M input. The 
8-bit data is either written into the 
chip or read from the chip, depending 
on the WR or RD input signal. 

Chip Enable: On the 8155, this pin is 
CE and is ACTIVE LOW. On the 81 56, 
this pin Is CE and is ACTIVE HIGH. 

Read control: Input low on this line 
with the Chip Enable active enables 
and ADo-7 buffers. If lO/M pin is low, 
the RAM content will be read out to 
the AD bus. Otherwise the content 
of the selected I/O port or command/ 
status registers will be read to the 
AD bus. 

Write control: Input low on this line 
with the Chip Enable active causes 
the data on the Address/Data bus to 
be written to the RAM or I/O ports and 
command/status register depending 
on lO/M. 



S ymbol 

ALE 

(input) 



lO/M 
(input) 



PAo-7(8) 
(input/output) 



PBo-7(8) 
(input/output) 



PCo-5(6) 
(input/output) 



TIMER IN 
(input) 

TIMER OUT 
(output) 

Vcc 
Vss 



Function 

Address Latch Enable: This control 
signal latches both the address on the 
ADo-7 lines and the state of the Chip 
Enable and lO/M into the chip at the 
falling edge of ALE. 

Selects memory if low and I/O and 
command/status registers if high. 

These 8 pins are general purpose I/O 
pins. The in/out direction is selected 
by programming the command 
register. 

These 8 pins are general purpose I/O 
pins. The in/out direction is selected 
by programming the command 
register. 

These 6 pins can function as either 
input port, output port, or as control 
signals for PA and PB. Programming 
is done through the command reg- 
ister. When PCo-5 are used as control 
signals, they will provide the fol- 
lowing: 

PCo — A INTR (Port A Interrupt) 
PCi — ABF (P ort A Buffer Full) 
PC2 — A STB (Port A Strobe) 
PCs — B INT R (Port B Interrupt) 
PC4 - B BF (Port B Buffer Full) 
PCs — B STB (Port B Strobe) 

Input to the counter-timer. 

Timer output. This output can be 
either a square wave or a pulse de- 
pending on the timer mode. 

+5 volt supply. 

Ground Reference. 
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ABSOLUTE MAXIMUM RATINGS* 



Temperature Under Bias O'^Cto+yO^C 

Storage Temperature -65°Cto+150°C 

Voltage on Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1.5W 



*COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (Ta = o°c to 70°C; Vcc = 5V ± 5%) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


TEST CONDITIONS 


V|L 


Input Low Voltage 


-0.5 


0.8 


V 




V|H 


Input High Voltage 


2.0 


Vcc-K).5 


V 




Vol 


Output Low Voltage 




0.45 


V 


bL=2mA 


VOH 


Output High Voltage 


2.4 




V 


loH = -400mA 


I.L 


Input Leakage 




±10 


ma 


V|N = Vcc to OV 


Ilo 


Output Leakage Current 




±10 


ma 


0.45V < VouT < Vcc 


'cc 


Vcc Supply Current 




180 


mA 




Iil(CE) 


Chip Enable Leakage 
8155 
8156 




+ 100 
-100 


mA 
mA 


V|N = Vcc to OV 
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A.C. CHARACTERISTICS (Ta = o°c to 70°C; Vcc = 5V ± 5%) 




8155/8156 


8155-2/8156-2 
(Preliminary) 




SYMBOL 


PARAMETER 


MIN. 


MAX. 


MIN. 


MAX. 


UNITS 


tAL 


Address to Latch Set Up Time 


50 




30 




ns 


tLA 


Address Hold Time after Latch 


80 




30 




ns 


tLC 


Latch to READ/WRITE Control 


100 




40 




ns 


tRD 


Valid Data Out Delay from READ Control 




170 




140 


ns 


Ud 


Address Stable to Data Out Valid 




400 




330 


ns 


tLL 


Latch Enable Width 


100 




70 




ns 


tRDF 


Data Bus Float After READ 





100 





80 


hs 


tCL 


READ/WRITE Control to Latch Enable 


20 




10 




ns 


tec 


READ/WRITE Control Width 


250 




200 




ns 


tow 


Data In to WRITE Set Up Time 


150 




100 




ns 


tWD 


Data In Hold Time After WRITE 












ns 


tRV 


Recovery Time Between Controls 


300 




200 




ns 


twp 


WRITE to Port Output 




400 




300 


ns 


tpR 


Port Input Setup Time 


70 




50 




ns 


tRP 


Port Input Hold Time 


50 




10 




ns 


tSBF 


Strobe to Buffer Full 




400 




300 


ns 


tss 


Strobe Width 


200 




150 




ns 


tRBE 


READ to Buffer Empty 




400 




300 


ns 


tsi 


Strobe to INTR On 




400 




300 


ns 


tRDI 


READ to INTR Off 




400 




300 


ns 


tpss 


Port Setup Time to Strobe Strobe 


50 









ns 


tPHS 


Port Hold Time After Strobe 


120 




100 




ns 


tSBE 


Strobe to Buffer Empty 




400 




300 


ns 


tWBF 


WRITE to Buffer Full 




400 




300 


ns 


twi 


WRITE to INTR Off 




400 




300 


ns 


tjL 


TIMER-IN to TIMER-OUT Low 




400 




300 


ns 








400 




300 




tjH 


TIMER-IN to TIMER-OUT High 


ns 


tRDE 


Data Bus Enable from READ Control 


10 




10 




ns 


tl 


TIMER-IN Low Time 


80 




40 




ns 


t2 


TIMER-IN High Time 


120 




70 




ns 
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WAVEFORMS 

a. Read Cycle 



\ 



J 



\ 



X 



/ 



x 



/' '\ 



X 



z 



z 



X 



:> — ?Z2: 



DATA VALID 






^: 



f 



b. Write Cycle 



CE (8155) 

OR 
CE (8156) 






^. 



1. 



£ 



/ =^. 



^LA 



X 






z 



X 



:rzi: 



DATA VALID 



z 



J 



\ 



f 



Figure 1. 8155/8156 Read/Write Timing Diagrams 
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8155/8156/8155-2/8156-2 



a. Strobed input Mode 



J 



STROII 



RD 



INPUT DATA 
FROM PORT 



'w_/^ 



i: 



/ 



X 



\ 



\ 



'^^-J 



b. Strobed Output Mode 

BF 



OUTPUT DATA 
TO PORT 



yf 



\ 



- tsPE - 



^w:—/ 



X 




Figure 2. Strobed I/O Timing 
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8155/81 56/81 55-2/81 56-2 



a. Basic Input Mode 



x 



DC 



\ ?' 



X 



b. Basic Output Mode 



^ ?' 



_"X 



*DATA BUS TIMING IS SHOWN IN FIGURE 7. 






Figure 3. Basic i/0 Timing Waveform 



LOAD COUNTER FROM CLR 



r-1 



RELOAD COUNTER FROM CLR - 

I 3 i 2 I 1 




TIMER OUT 
(SQUARE WAVE) 



NOTE 1: THE TIMER OUTPUT IS PERIODIC IF IN AN AUTOMATIC 
RELOAD MODE (M, MODE BIT = 1) 



Figure 4. Timer Output Waveform Countdown from 5 to 1 
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8185V8185-2** 
1024 X 8-BIT STATIC RAM FOR MCS-85^ 






^Compatible with 8085A 
*Xompatible with 8085A-2 



Multiplexed Address and Data Bus 

Directly Compatible with 8085A 
Microprocessor 

Low Operating Power Dissipation 



Low Standby Power Dissipation 

Single +5V Supply 

High Density 18-Pin Package 



The Intel® 8185 is an 8192-bit static random access memory (RAM) organized as 1024 words by 8-blts using N-channel 
Silicon-Gate MOS technology. The multiplexed address and data bus allows the 8185 to interface directly to the 8085A 
microprocessor to provide a maximum level of system integration 

The low standby power dissipation minimizes system power requirements when the 8185 is disabled. 

The 8185-2 is a high-speed selected version of the 8185. 



PIN CONFIGURATION 



BLOCK DIAGRAM 



ADoC 


1 


^18 


DVcc 


ADiC 


2 


17 


Drd 


ADzC 


3 


16 


3 WR 


AD3I: 
AD4E 


4 
5 


15 


J ALE 
DCS 


ADbE 


6 


13 


D31, 


ADeC 


7 


12 


3CE, 


AD7I: 


8 


11 


3 A, 


VssC 


9 


10 


DA8 



PIN NAMES 



AD0-AD7 


ADDRESS/DATA LINES 


As, A9 


ADDRESS LINES 


CS 


CHIP SELECT 


CEi 


CHIP ENABLE (lO/M) 


CE2 


CHIP ENABLE 


ALE 


ADDRESS LATCH ENABLE 


RD 


READ ENABLE 


WR 


WRITE ENABLE 



CEi- 
CE2- 
RD- 
WR - 
ALE- 



R/W 
LOGIC 



AD0-AD7 



K DA 

; BL 

l/ BUFI 



DATA 
BUS 
PER 



1K x8 

RAM 

MEMORY 

ARRAY 



As, Ag - 
ALE - 



y 



ADDRESS 
LATCH 
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OPERATIONAL DESCRIPTION 

The 8185 has been designed to provide for direct interface 
to the multiplexed bus structure and bus timing of the 
8085A microprocessor. 

At the beginning of an 8185 memory access cycle, the 8- 
bit address on ADo-7, As and Ag, and the status of CEi and 
CE2 are all latched internally in the 81 85 by the falling edge 
of ALE. If the latched status of both CEi and CE2 are 
actiye^the 8185 powers itself up, but no action occurs until 
the CS line goes low and the appropriate RD or WR control 
signal input is activated. 

The CS input is not latched by the 8185 in order to allow 
the maximum amount of time for address decoding in 
selecting the 8185 chip. Maximum po wer c onsumption 
savings will occur, however, only when CEi and CE2 are 
activated selectively to power down the 81 85 when it is not 
in use. A possible connec tion would be to wire the 8085A's 
lO/M line to the 8185's CEi Input, thereby keeping the 
8185 powered down during I/O and interrupt cycles. 



TABLE 1. 

TRUTH TABLE FOR 

POWER DOWN AND FUNCTION ENABLE 



CE, 


CE2 


CS 


(CS*)t2] 


8185 Status 


1 


X 


X 





Power Down and 
Function Disable[i] 


X 





X 





Power Down and 
Function Disable[i] 





1 


1 





Powered Up and 
Function Disable[i] 





1 





1 


Powered Up and 
Enabled 



Notes: 

X: Don't Care. 

1: Function Disable implies Data Bus in high impedance state 
and not writing. 

2: CS* = (CEi = 0) . (CE2 = 1) • (CS = 0) 

CS* = 1 signifies all chip enables and chip select active 



TABLE 2. 

TRUTH TABLE FOR 

CONTROL AND DATA BUS PIN STATUS 



(CS*) 


RD 


WR 


AD0.7 During Data 
Portion of Cycle 


8185 Function 





X 


X 


Hi-Impedance 


No Function 


1 





1 


Data from Memory 


Read 


1 


1 





Data to Memory 


Write 


1 


1 


1 


Hi-Impedance 


Reading, but not 
Driving Data Bus 



Note: 

X: Don't Care. 



rjDh 



TRAP 
RST7,5 
RST6,5 
RST5,5 
INTR 



8085A 



HOLD 

HLDA 

SOD 

SID 



RESET <; 

ADDR/ OUT ""O 

ADDR DATA ALE RD WR lO/M RDY CLK 



T\ 



c 



c 



V" V 



t/ 



1_L 



WR 

_ PORT 

''°8156 « 

ALE 



PORT 



-\ DATA/ 

^ ADDR 



<5> 



'O/M TIMER 
occcT OUT 



^ 



8355/ 
8755A 

DATA/ 
ADDR 

lO/M POP- 
RESET ' 

RDY 
CLK 



<^ 



CO 



till 

Vss Vcc Vdd prog 



> 



"^^^8185 

ALE 



fT 

Vss Vcc 



Figure 1. 8185 in an MCS-85 System. 

4 Chips: 
2K Bytes ROM 
1 .25K Bytes RAM 
38 I/O Lines 

1 Counter/Timer 

2 Serial I/O Lines 
5 Interrupt Inputs 
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ABSOLUTE MAXIMUM RATINGS'^ 

Temperature Under Bias 0° C to +70° C 

Storage Temperature -65° C to +1 50° C 

Voltage on Any Pin 

with Respect to Ground -0.5V to +7V 

Power Dissipation 1 ,5W 






XOMMEN. 

Stresses above those listed under "Absolute Maximum*f'^atir^s"i 
permanent damage to the device. This is a stress rating or^in^Jtui^ , 
operation of the device at these or any other conditioh's^;aB^ye1 
indicated in the operational sections of this specification is'i^9t%|;plll ^^^ 
Exposure to absolute maximum rating conditions for extended;>9<efHod^ 
may affect device reliability. 



D.C. CHARACTERISTICS (Ta = o°c to 70°C; Vcc = 5V ± 6%) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


ViL 


Input Low Voltage 


-0.5 


0.8 


V 




VlH 


Input High Voltage 


2.0 


Vcc+0.5 


V 




Vol 


Output Low Voltage 




0.45 


V 


lOL = 2mA 


VOH 


Output High Voltage 


2.4 






lOH = 400m A 


IlL 


Input Leakage 




±10 


mA 


ViN = Vcc to OV 


Ilo 


Output Leakage Current 




±10 


mA 


0.45V < VouT < Vcc 


Ice 


Vcc Supply Current 
Powered Up 
Powered Down 




100 


mA 








25 


mA 





A.C. CHARACTERISTICS (Ta = o°c to 70°C; Vcc = 5V ± 5%) 





Parameter ^^^ 


8185 
Preliminary 


8185-2 
Preliminary 




Symbol 


Min. 


Max. 


Min. 


Max. 


Units 


tAL 


Address to Latch Set Up Time 


50 




30 




ns 


tLA 


Address Hold Time After Latch 


80 




30 




ns 


tLC 


Latch to READ/WRITE Control 


100 




40 




ns 


tRD 


Valid Data Out Delay from READ Control 


170 




140 




ns 


tLD 


ALE to Data Out Valid 


300 




200 




ns 


tLL 


Latch Enable Width 


100 




70 




ns 


tRDF 


Data Bus Float After READ 





100 





80 


ns 


tCL 


READ/WRITE Control to Latch Enable 


20 




10 




ns 


tec 


READ/WRITE Control Width 


250 




200 




ns 


tDW 


Data In to WRITE Set Up Time 


150 




150 




ns 


tWD 


Data In Hold Time After WRITE 


20 




20 




ns 


tsc 


Chip Select Set Up to Control Line 


10 




10 




ns 


tcs 


Chip Select Hold Time After Control 


10 




10 




ns 


tALCE 


Chip Enable Set Up to ALE Falling 


30 




10 




ns 


tLACE 


Chip Enable Hold Time After ALE 


50 




30 




ns 



Notes: 

1. All AC parameters are referenced at 

a) 2.4V and .45V for inputs 

b) 2.0V and .8V for outputs. 



9-79 



8185/8185-2 






(CEi=OK 
(CE2='l) 



AD0-AD7 
(A8,A9) 



AD0-AD7 



^\ 



/ 



X 



\ A 



^. 



/ 



:k>^=i<xixz 



Y ADDRESS Y V WRITE DATA Y 



/Hv 



V^ 



\ 



\ 



JHZX 






\ 



/ 



(READ CYCLE) 



(WRITE CYCLE) 



X 



(DESELECTED) 



Figure 2. 8185 Timing. 
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8218/8219 
BIPOLAR MICROCOMPUTER BUS 
CONTROLLERS FOR MCS-8G" AND MCS-85" FAMILIES 



8218 for Use in MCS-80 Systems 

8219 for Use in l\/ICS-85 Systems 
Coordinates the Sharing of a Common 
Bus Between Several CPU's 



Reduces Component Count in 
IVIultimaster Bus Arbitration Logic 
Single +5 Volt Power Supply 
28 Pin Package 



The 821 8 and 8219 Microcomputer Bus Controllers consist of control logic which allows a bus master device such as a CPU 
or DMA channel to interface with other masters on a common bus, sharing memory and I/O devices. The 8218 and 8219 
consist of: 



1 . Bus Arbitration Logic which operates from the Bus Clock (BCLK) and resolves bus contention between devices sharing 
a common bus. 

2. Timing Logic which when initiated by the bus arbitration logic generates timing signals for the memory and I/O 
command lines to guarantee set-up and hold times of the address/data lines onto the bus. The timing logic also signals 
to the bus arbitration logic when the current data transfer is completed and the bus is no longer needed. 

3. Output Drive Logic which contains the logic and output drivers for the memory and I/O command lines. 

An external RC time constant is used with the timing logic to generate the guaranteed address set-up and hold times on the 
bus. The 8219 can Interface directly to the 8085A CPU and the 8218 interfaces to the 8080A CPU chip and the 8257 DMA 
controller. 



PIN CONFIGURATION 



BLOCK DIAGRAM 
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8218/8219 PIN DEFINmONS 

Signals Interfaced Directly to the System Bus rstb (input) 






BREQ (TTL Output) 

The Bus-Request is used with a central parallel priority 
resolution circuit. It indicates that the device needs to 
access the bus for one or more data transfers. It is 
synchronized with the Bus Clock. 



BUSY (Input, O.C. Output) 

Bus-Busy indicates to all master devices on the bus that 
the bus is in use. It inhibits any other device from getting 
the bus. It is synchronized with Bus Clock. 



BCLK (Input) 

The negative edge of Bus-Clock is used to synchronize 
the bus contention resolution circuit asynchronously to 
the CPU clock. It has 100ns min. period, 35%-65% duty 
cycle. It may be slowed, single stepped or stopped. 



BPRN (Input) 

The Bus-Priority-ln indicates to a device that no device of 
a higher priority is requesting the bus. It is synchronous 
with the Bus Clock. 



BPRO (TTL Output) 

The Bus-Priority-Out is used with serial priority resolution 
circuits. Pr iority may be transferred to the next lower in 
priority as BPRN. 

iNnr (Input) 

The Initialize resets the 8218/8219 to a known internal 
state. 




MRDC (3-State Output) 

The Memory-Read-Control indicates that the Master is 
requesting a read operation from the addressed location. 
It is asynchrpnous to the Bus Clock. 



MWTC (3-State Output) 

The Memory-Write-Control indicates that data and an 
address have been placed on the bus by the Master and 
the data is to be deposited at that location. It is 
asynchronous to the Bus Clock. 



lORC (3-State Output) 

The l/0-Read-Control indicates that the Master Is 
requesting a read operation from the I/O device 
addressed. It is asynchronous to the Bus Clock. 



lOWC (3-State Output) 

The !/0-Write-Control indicates that Data and an I/O 
device address has been placed on the bus by the Master 
and the data is to be deposited to the I/O device. 



Signals Generated or Received by the Bus 
Master 



BCR1/BCR2 (Inputs) 

Bus-Control-Request 1 or Bus-Control-Request 2 indi- 
cate to the 8218/8219 that the Master device is making 
a reque st to control the bus. BCR2 is active low in the 821 8 
{BCR2). BCR2 is active high in the 8219. 






Request-strobe latches the status of BCR1 and©dk2 int^ 
the 8218/8219. The strobe is active low in the 8^18c|ihd 
negative edge triggered in the 8219. 



ADEN (TTL Output) 

Address-and-Data-Enable indicates the Master has 
control of the bus. It is often used to enable Address 
and Data Buffers on the bus. It is synchronous with Bus 
Clock. 

ROD (TTL Output) 

Read-Data controls the direction of the bi-directional data 
bus drivers. It is asynchronous to the Bus Clock. A high on 
RDD indicates a read mode by the master. 

OVRD (Input) 

Override inhibits automatic deselect between transfers 
caused by a higher priority bus request. May be used for 
consecutive data transfers such as read-modlfy-write 
operations. It is asynchronous to the Bus Clock. 

XSTR (Input, Rising-Edge-Triggered) 

Transfer-Start-Request indicates to the 8218/8219 that a 
new data transfer cycle is requested to start. It is raised for 
each new word transfer in a multiple data word transfer. It 
is asynchronous to the Bus Clock. 

XCP (Input, Faliing-Edge-Triggered) 

Transfer-Complete indicates to the 8218/8219 that the 
data has been received by the slave device In a write cycle 
or transmitted by the slave and received by master in a 
read cycle. It is asynchronous to the Bus Clock. 

XCY (TTL Output) 

Indicates that a data transfer is in progress. It is 
asynchronous to the Bus Clock. 

WR, RD, lO/M (8219 Only) (Inputs from 8085 to the 8219) 



WRITE, READ, lO/Memory are the control request inputs 
used by the 8085 and are int ernally d ecoded by the 821 9 to 
produce the request signals MRDR, MWTR, lORR, lOWR. 
They are asynchronous to the Bus Clock. 



ASRQ (8219 Only) (Input from 8085 System) 

Can be used for interrupt status from the 8086. Acts like a 
level sensitive asynchronous bus request — no RSTB 
needed. It is asynchronous to the Bus Clock. 



MRDR, MWTR, lORR, lOWR (8218 Only) (Inputs from 
8080 or 8257 to the 8218) 

Memory-Read-Request, Memory-Write-Request, 1/0- 
Read-Request, or l/O-Write-Request indicate that ad- 
dress and data have been placed on the bus and the 
appropriate request is being made to the addressed 
device. Only one of these Inputs should be active at any 
one time. They are asynchronous to the Bus Clock. 

ANYR (TTL Output) 



Any-Request is the lo gical OR of the active state of MRDR, 
MWTR. lORR, lOWR. It may be tied to XSTR when the 
rising edge of ANYR is used to initiate a transfer. 
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DLYADJ (Input) 

Delay-Adjust is used for connection of an external 
capacitor and resistor to ground to adjust tine required 
set-up and hold time of address to control signal. 



8218/8219 FUNCTIONAL DESCRIPTION 

The 8218/8219 is a bipolar Bus Control Chip which 
reduces component count in the interface between a 
master device and the system Bus. (Master device: 8080, 
8085, 8257 (DMA).) 

The 8218 and 8219 serve three major functions: 

1. Resolve bus contention. 

2. Guarantee set-up and hold time of address/data lines 
to I/O and Memory read/write control signals 
(adjustable by external capacitor). 

3. Provide sufficient drive on all bus command lines. 



Bus Arbitration Logic 

Bus Arbitration Logic activity begins when the Ma ster 
makes a request for use of the bu s on BCR1 or BCR2. The 
request is strobed in by RSTB. Following the next two 
falling edges of the bus clock (BCLK) the 8218/8219 



outputs a bus request (BREQ) and for^^s Bu^gjrigrity Out 
inactive (BPRO). See Figures la and Ik^; ^^^ *?^^^^^^ 
BREQ is used for requesting the bus whein priority 1^ 
decided by a parallel priority resolver circuit r! 



BPRO is used to allow lower priority devices to gain the: 
bus w hen a serial priority resolving structure is used. 
BPRO would go to BPRN of the next lower priority Master. 



When prio rity is granted to the Master (a low on BPRN and 
a high on BUSY) the Master outpu ts a BU SY signal on the 
next falling edge of BCLK. The BUSY signal locks the 
master onto the bus and prohibits the enable of any other 
masters onto the bus. 



At the same ti me BUSY goes active, Address and Data 
Enable (ADEN) goe s activ e signifying that the Master has 
control of the bus. ADEN is often used to enable the bus 
drivers. 

The Bus will be releasedonly if the master loses priority; is 
not in the middle of a transfer, and Override is not active 
or, if the Master stops requesting the bus, is not in the 
middle of a data transfer, and Override is not active. ADEN 
then goes inactive. 

Provision has been made in the 8218 to allow bus- 
synchro nous reques ts. Th is mode is activated when 
BCR1, BCR2 and RSTB are all low. This action 
asynchronously sets the synchronization flip flop (FF2) in 
Figure la. 



3>T7Dn 



J> — ^D 



i>~ 



ASYNCH. 
REQUEST 



9 



CLR 



SYNCH. 
REQUEST 



PRIORITY 

AND 

REQUEST 

LQGrC 




- BUSY 
► BREQ 
-BPRN 



- BCLK 

-imr 



FIGURE 1a. 8218 BUS ARBITRATION LOGIC 
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ADEN -^ 

OVRIDE-»- 

ASRQ-*- 



BCR1 - 
BCR2 - 



T> 



CLR 
— 7— 



ASYNCH. 
REQUEST 



SYNCH. 
REQUEST 



PRIORITY 

AND 

REQUEST 

LOGIC 



-*- BUSY 
-*- BREQ 

BPRN 

—*- BPRO 




FIGURE 1b. 8219 BUS ARBITRATION LOGIC 

Timing Logic 

Timing Logic activity begins with th e rising edge of XSTR 
(Transfer Start Request) or with ADEN going active, 
whichever occurs second. This action causes XCY 
(Transfer Cycle) to go active. 50-200ns later (depending on 
resistance and capacitance at DLYADJ) the appropriate 
Control Outputs will go active if the control input is active. 

XSTR can be raised after the command goes active in the 
current transfer cycle so that a new transfer can be 
initiated immediately after the current transfer is 
complete. 

A negative going edge on X CP (Tr ansfer Complete) will 
cause the Control Outputs (MRDC, etc.) to go inactive. 
50-20 0ns later (depending on capacitance at DLYADJ) 
XCY will go inactive indicating the transfer cycle is 
completed. 

Additional logic within t he 82 18/8219 guarantees that if a 
transfer cy cle is st arted (XCY is active), but the bus is not 
requested (BREQ is inactive) and there is no command 
request input (ANYR is output low), then the transfer cycle 
will be cleared. This allows the bus to be released in 
applications where advanced bus requests are generated 
but the processor enters a HALT mode. 




FIGURE 2a. 8218 CONTROL LOGIC 



Control Logic 

The control outputs are generated in the 821 9 by decoding 
the 8085 system control outputs (i.e., RD, WR, lO/M) or in 
the 8218 by directly buffering the control inputs to the 
control outputs for use In an 8080 or DMA system (see 
Figures 2a and 2b). The control outputs may be held high 
(inactive) by the Timing Logic. Also the control outputs are 
enabled when the Master gains control of the bus and 
disabled when control is relinquished. 

The Control Logic also has two other outputs, ANYR (Any 
Request) and RDD (Read Data). ANYR goes high (active) if 
any control requests (lOWR, etc.) are active. RDD controls 
the direction of the Masters Bi-directional Data Bus 
Drivers. The Bus Driver will always be in the Write mode 
(RDD = Low) except from the start of a Read Control 
Request to 25 to 70ns after XCP is activated. 
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FIGURE 2b. 8219 CONTROL LOGIC 
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ABSOLUTE MAXIMUM RATINGS'' 

Ambient Temperature Under Bias 0°Cto70°C 

Storage Temperature -65°C to +150°C 

Supply Voltage (Vcc) -0.5V to +7V 

Input Voltage -1.0V to Vcc + 0.25V 

Output Current 100mA 



* COMMENT: Stresses above th'6seJike,^'dh4^0^solute 
Maximum Ratings" may cause permanem.ofani^^|f||; the 
device. Tiiis is a stress rating only anc/ u(^/^dli^^^jf5 
operation of tfie device at ttiese or any oth^hcphditioifi ^, 
above tliose indicated in the operational sections' Qlfhi§ 
specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may 
affect device reliability. 



D.C. AND OPERATING CHARACTERISTICS Ta = C 


)°Cto70' 


'C;Vcc = 


5V ± 5% 




Parameter 


Limits 


Unit 




Symbol 


Min. 


Typ. 


Max. 


Test Conditions 


Vc 


Input Clamp Voltage 






-1.0 


V 


Vcc = 4.75V, Ic = -5mA 


If 


Input Load Current 






-0.5 


mA 






MRDR/INTA/MWTR/WR 


Vcc = 5.25V 




lORR/RD, lOWR/IO/M 


Vf = 0.45V 




Other 






-0.5 


mA 




IR 


Input Leakage Current 






100 


mA 


Vcc = 5.25 
Vr = 5.25 


Vth 


Input Threshold Voltage 


0.8 




2.0 


V 


Vcc = 5V 


Ice 


Power Supply Current 




200 


240 


mA 


Vcc = 5.25V 


Vol 


Output Low Voltage 










Vcc = 4.75 




MRDC, MWTC, lORC, lOWC 
BREQ, BUSY 






0.45 


V 


lOL = 32mA 








0.45 


V 


lOL = 20mA 




XCY, RDD. ADEN 
BPRO. ANYR 






0.45 


V 


lOL = 16mA 








0.45 


V 


lOL = 3.2mA 


VOH 


Output High Voltage 










Vcc = 4.75V 




MRDC, MWTC, lORC, lOWC 

BUSY O.C. 

All Other Outputs 


2.4 








lOH = -2mA 




2.4 








lOH = -400iuA 


ios 


Short Circuit Output Current 


-10 




-90 


mA 


Vcc = 5.25V, Vo = OV 


lO (OFF) 


Tri-State Output Current 






-100 


mA 


Vcc = 5.25V, Vo = 0.45V 








+100 


mA 


Vcc = 5.25V, Vo = 5.25V 
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A.C. CHARACTERISTICS Ta = 0°C to 70°C; Vcc = 5V ± 5% 




Parameter 


Limits 


Unit 


"" • .' "■■ ' ''' ,/,\''' , 


Symbol 


IVIin. 


Typ. 


IVIax. 


Test Conditions " 


tBCY 


Bus Clock Cycle Time 


100 






ns 


35% to 65% Duty Cycle ' 


tpw 


Bus Clock Pulse Width 


35 




0.65 teCY 


ns 




tRQS 


RSTB to BCLK Set-Up Time 


25 






ns 




tcss 


BCRi and BCR2 to RSTB 
Set-Up Time 


15 






ns 




tCSH 


BCRi and BCR2 to RSTB 
Hold Time 


15 






ns 




tRQD 


BCLK to BREQ Delay 






35 


ns 




tPRNS 


BPRN to BCLK Set-Up Time 


23 






ns 




tBNO 


BRPN to BPRO Delay 






30 


ns 




tBYD 


BCLK to BUSY Delay 






55 


ns 




tCAD 


MRDR, MWTR, lORR, lOWR 
to ANYR Delay 






30 


ns 




tsXD 


XSTR to XCY Delay 






40 


ns 




tSCD 


XSTR to MRDC, MWTC, lORC, 
lOWC Delay 


50 




200 


ns 


Adjustable by External R/C 


txsw 


XSTR Pulse Width 


30 






ns 




txCD 


XCP to MRDC, MWTC, lORC, 
lOWC Delay 






50 


ns 




txcw 


XCP Pulse Width 


35 






ns 




tCCD 


XCP to XCY Delay 


50 




200 


ns 


Adjustable by External R/C 


tCMD 


MRDR, MWTR, lORR, lOWR 






35 


ns 






to MRDC, MWTC, lORC, lOWC 




tCRD 


MRDR, MWTR, lORR, lOWR 
to RDD Delay 






25 


ns 




tRW 


RSTB Min. Neg. Pulse Width 


30 






ns 




tCPD 


BCLK to BPRO Delay 






40 


ns 




tXRD 


XCP to RDD Delay 


25 




70 


ns 





8218/19 XSTR TO OUTPUT COMMAND DELAY 
ONESHOT DELAY VS. DELAY ADJUST CAPACITANCE AND RESISTANCE 



230 
220 
210 
200 
190 
180 
170 
160 
150 
140 
130 
120 
110 
100 



FOR A TYPICAL DEVICE 

ROOM TEMPERATURE 

Vcc = 5 ± 5% 



Vcc= 


4.5V 






i^ 


^y- 


Vcc = 

= 39012 


5.5V 


Vcc 


^ 


'vcc = 
= 30012 


5.5V 




20012<R<500!!:2 
100pF<C<450pF 



APPROXIMATELY 25ns OF DELAY DEPENDS 
ON INTERNAL GATE DELAYS 



300 
CAPACITANCE (pF) 
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BCR2 
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^^ ^' 



■>JqV_i 



A. 



REQUEST FOR ACQUISITION OF THE BUS 



' REQUEST TO RELEASE THE BUS 



rj 



FIGURE 3a. 8218/8219 SYNCHRONOUS BUS TIMING (SYSTEM BUS PREVIOUSLY NOT IN USE). 




8218/8219 
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FIGURE 3b. 8218/8219 CONTROL CYCLE (SYSTEM BUS PREVIOUSLY NOT IN USE). 



MRDR MWTR 

TORS TOWR MASTER 1 GETS OFF BUS 



MASTER 1 ANYR OUT 
AND XCP IN 



MASTER 1 XCY OUT 




ONE SHOT 
DELAY 



]0R5 OF MASTER 2 

iowc 



~r 




DELAYED BY 

ONE SHOT 

FOR ADDRESS SETUP 




\ 



FIGURE 3c. 8218/8219 BUS CONTROL EXCHANGE (MASTER NO. 1 LEAVING BUS AND MASTER NO. 2 
GETTING ON BUS). 
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FIGURE 4a. MCS-80 CPU WITH 8218. 
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FIGURE 4b. MCS-85 CPU WITH 8219. 
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FIGURE 4c. MCS-85 CPU WITH 8219 USING LOCAL MEMORY. 
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TO/FROM HIGHEST 
PRIORITY BUS MASTER 



2. 



REQUEST ADEN 

8218 
BUSY BPRO BCLK 



^ 



REQUEST ADEN 

8219 

BUSY BPRN" BPRO BCUR 



I, i 



TO/FROM LOWEST 
PRIORITY BUS MASTER 




"DAISY CHAIN" CONFIGURATION 



^ 



REQUEST ADEN 

8219 

BUSY BREQ BPRN BCLK 



iz 



REQUEST ADEN 

8218 

BUSY BREQ BPRN BCLK 



I I M 



'; " I' 



PRIORITY 

RESOLVING 

LOGIC 



PARALLEL REQUEST CONFIGURATION 




FIGURE 5. TWO METHODS OF CONNECTING MULTIPLE 8218/8219's TO RESOLVE BUS CONTENTION 
AMONG MULTIPLE MASTERS. 
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8257/8257-5 
PROGRAMMABLE DMA CONTROLLER 



■ MCS-85^^ Compatible 8257-5 
a 4-Channel DMA Controller 

■ Priority DMA Request Logic 

■ Channel Inhibit Logic 



■ Terminal Count and Modulo 128 
Outputs 

■ Single TTL Clock 

n Single + SV Supply 

■ Auto Load Mode 



The Intel® 8257 is a 4-channel direct memory access (DMA) controller. It is specifically designed to simplify the 
transfer of data at high speeds for the Intel® microcomputer systems. Its primary function is to generate, upon a 
peripheral request, a sequential memory address which will allow the peripheral to read or write data directly to or 
from memory. Acquisition of the system bus In accomplished via the CPU's hold function. The 8257 has priority logic 
that resolves the peripherals requests and issues a composite hold request to the CPU. It maintains the DMA cycle 
count for each channel and outputs a control signal to notify the peripheral that the programmed number of DMA 
cycles is complete. Other output control signals simplify sectored data transfers. The 8257 represents a significant 
savings in component count for DMA-based microcomputer systems and greatly simplifies the transfer of data at 
high speed between peripherals and memories. 



P!N CONFIGURATION 



BLOCK DIAGRAM 




l/ORC 

i/owC 
memrC 
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markC 
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AENC 
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CSC 

clkC 
resetC 
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DRQ3C 
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40 DAy 

39 3\ 

38 lAg 

37 DA4 

36 3TC 

35 DA3 

34 DA2 

33 DA, 

32 DAq 

31 DVcc 

30 DDq 

29 DD, 

28 DD2 

27 DD3 

25 UDACKO 
24 DDACK 1 
23 DOg 
22 DDg 

21 Do, 



PIN NAMES 



°r^o<CX) 



l/OR - 



CLK- 
RESET- 



D7-D0 


DATA BUS 




AEN 


ADDRESS ENABLE 


A7-A0 


ADDRESS BUS 


AOSTB 


ADDRESS STROBE 


iTSr 


I/O READ 




TC 


TERMINAL COUNT 


urn 


I/O WRITE 


MARK 


MODULO 128 MARK 


MEMR 


MEMORY READ 




DRQ3DRQ0 


DMA REQUEST 
INPUT 


MEMW 


MEMORY WRITE 


DACK3 DACKo 


DMA ACKNOWLEDGE 
OUT 


CLK 


CLOCK INPUT 


RESET 


RESET INPUT 


CS 


CHIP SELECT 


READY 


READY 


Nfcc 


f5 VOLTS 


HRQ 


HOLD REQUEST 
(TO 8080A) 


GND 


GROUND 






HLDA 


HOLD ACKNOWLEDGE 
(FROM 8080A) 





READY - 

HRQ - 
HLDA- 
MlMR- 
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AEN - 
ADSTB -■ 

TC - 



DATA 

BUS 

BUFFER 



o 



READ/ y\ fv 
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CONTROL 
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AND 
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FUNCTIONAL DESCRIPTION 

General 

The 8257 is a programmable, Direct Memory Access 
(DMA) device which, when coupled with a single Intel® 
8212 I/O port device, provides a complete four-channel 
DMA controller for use in Intel® microcomputer systems. 
After being initialized by software, the 8257 can transfer a 
block of data, containing up to 16,384 bytes, between 
memory and a peripheral device directly, without further 
intervention required of the CPU. Upon receiving a DMA 
transfer request from an enabled peripheral, the 8257: 

1. Acquires control of the system bus. 

2. Acknowledges that requesting peripheral which is 
connected to the highest priority channel. 

3. Outputs the least significant eight bits of the memory 
address onto system address lines Ao-A?, outputs 
the most significant eight bits of the memory address 
to the 8212 I/O port via the data bus (the 8212 
places these address bits on lines A3-A15), and 

4. Generates the appropriate memory and I/O read/ 
write control signals that cause the peripheral to 
receive or deposit a data byte directly from or to the 
addressed location in memory. 

The 8257 will retain control of the system bus and repeat 
the transfer sequence, as long as a peripheral maintains its 
DMA request. Thus, the 8257 can transfer a block of data 
to/from a high speed peripheral (e.g., a sector of data on a 
floppy disk) in a single "burst". When the specified 
number of data bytes have been transferred, the 8257 
activates Its Terminal Count (TO) output, informing the 
CPU that the operation is complete. 

The 8257 offers three different modes of operation: 
(1) DMA read, which causes data to be transferred from 
memory to a peripheral; (2) DMA write, which causes 
data to be transferred from a peripheral to memory; 
and (3) DMA verify, which does not actually Involve the 
transfer of data. When an 8257 channel is in the DMA verify 
mode, it will respond the same as described for transfer 
operations, except that no memory or I/O read/write 
control signals will be generated, thus preventing the 
transfer of data. The 8257, however, will gain control of the 
system bus and will acknowledge the peripheral's DMA 
request for each DMA cycle. The peripheral can use these 
acknowledge signals to enable an internal access of each 
byte of a data block in order to execute some verification 
procedure, such as the accumulation of a CRC (Cyclic 
Redundancy Code) checkword. For example, a block of 
DMA verify cycles might follow a block of DMA read cycles 
(memory to peripheral) to allow the peripheral to verify its 
newly acquired data. 



Block Diagram Description 
1. DMA Channels 

The 8257 provides four separate DMA channels (labeled 
CH-0 to CH-3). Each channel includes two sixteen-bit 
registers: (1) a DMA address register, and (2) a termi- 
nal count register. Both registers must be initialized 
before a channel is enabled. The DMA address register is 
loaded with the address of the first memory location to be 
accessed. The value loaded into the low-order 14-bits of 
the terminal count register specifies the number of DMA 
cycles minus one before the Terminal Count (TC) output 
is activated. For instance, a terminal count of would 
cause the TC output to be active In the first DMA cycle for 
that channel. In general, if N = the number of desired DMA 
cycles, load the value N-1 into the low-order 14-bits of the 
terminal count register. The most significant two bits of the 
terminal count register specify the type of DMA operation 
for that channel. 



%'%<0 



WM% 





Figure 1. 8257 Blocl( Diagram Showing DI^MA 
Channels 
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These two bits are not modified during a DMA cycle, but 
can be changed between DMA blocks. 

Each channel accepts a DMA Request (DRQn) input and 
provides a DMA Acknowledge (DACKn) output. 

(DRQ 0<DRQ 3) 

DMA Request: These are individual asynchronous chan- 
nel request inputs used by the peripherals to obtain a DMA 
cycle. If not in the rotating priority mode then DRQ has 
the highest priority and DRQ 3 has the lowest. A request 
can be generated by raising the request line and holding it 
high until DMA acknowledge. For multiple DMA cycles 
(Burst Mode) the request line is held high until the DMA 
acknowledge of the last cycle arrives. 



BIT 15 


BIT 14 


TYPE OF DMA OPERATION 




1 
1 




1 

1 


Verify DMA Cycle 

Write DMA Cycle 

Read DMA Cycle 

(Illegal) 




(DACK - DACK 3) 

DMA Acknowledge: An active low level on the acknowl- 
edge output informs the peripheral connected to that 
chann el that it has been selected for a DMA cycle. The 
Sack output acts as a "chip select" for the peripheral 
device requesting service. This line goes active (low) 
and inactive (high) once for each byte transferred even if 
a burst of data is being transferred. 

2. Data Bus Buffer 

This three-state, bi-directional, eight bit buffer interfaces 
the 8257 to the system data bus. 

(D0-D7) 

Data Bus Lines: These are bi-directional three-state lines. 
When the 8257 is being programmed by the CPU, eight- 
bits of data for a DMA address register, a terminal count 
register or the Mode Set register are received on the data 
bus. When the CPU reads a DMA address register, a 
terminal count register or the Status register, the data is 
sent to the CPU over the data bus. During DMA cycles 
(when the 8257 is the bus master), the 8257 will output the 
most significant eight-bits of the memory address (from 
one of the DMA address registers) to the 821 2 latch via the 
data bus. These address bits will be transferred at the 
beginning of the DMA cycle; the bus will then be released 
to handle the memory data transfer during the balance of 
the DMA cycle. 




Figure 2. S257 Block Diagram Showing Data Bus 
Buffer 
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3. Read/Write Logic 

When the CPU is programming or reading one of the 
8257's registers (I.e., when the 8257 Is a "slave" device on 
the system bus), the ReadA/Vrite Logic accepts the I/O 
Read (17^) or I/O Write {W^ signal, decodes the least 
significant four address bits, (A0-A3), and either writes 
th e cont ents of the data bus into the addressed register 
(if l/OW is true) or places the contents of the addressed 
register onto the data bus (If I/OR Is true). 

During DMA cycles (i.e., when the 8257 is the bus 
"master"), the Read/Write Logic generates the I/O read 
and memory write (DMA write cycle) or I/O Write and 
memory read (DMA read cycle) signals which control the 
data link with the peripheral that has been granted the 
DMA cycle. 

Note that during DMA transfers Non-DMA I/O devices 
should be de-selected (disabled) using "AEN" signal to 
inhibit I/O device decoding of the memory address as an 
erroneous device address. 



(A0-A3) 

Address Lines: These least significant four address lines 
are bi-directional. In the "slave" mode they are inputs 
which select one of the registers to be read or 
programmed. In the "master" mode, they are outputs 
which constitute the least significant four bits of the 1 6-bit 
memory address generated by the 8257. 

(CS) 

Chip Select: An active-low input which enables the I/O 
Read or I/O Write input when the 8257 is being read or 
programmed in the "slave" mode. In the "master" mode, 
CS is automatically disabled to prevent the chip from 
selecting itself while performing the DMA function. 



(I/OR) 

I/O Read: An active-low, bi-directional three-state line. In 
the "slave" mode, it is an input which allows the 8-bit 
status register or the upper/lower byte of a 16-bit DMA 
address register or terminal count register to be read. In 
the "master" mode, I/OR is a control output which is used 
to access data from a peripheral during the DMA write 
cycle. 



(l/OW) 



I/O Write: An active-low, bi-directional three-state line. In 
the "slave" mode, it is an input which allows the contents 
of the data bus to be loaded into the 8-bit mode set register 
or the upper/lower byte of a 16-bit DMA address register 
or terminal count register. In the "master" mode, l/OW is a 
control output which allows data to be output to a 
peripheral during a DMA read cycle. 

(CLK) 

Clock Input: Generally from an Intel® 8224 Clock Gen- 
erator device. (<t>2 TTL) or Intel® 8085A CLK output. 

(RESET) 

Reset: An asynchronous input (generally from an 8224 
or 8085 device) which disables all DMA channels by 
clearing the mode register and 3-states all control lines. 



^7'%<X> 




Figure b. 8257 Block Diagram Showing 
Read/Write Logic Function 
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4. Control Logic 

This block controls the sequence of operations during all 
DMA cycles by generating the appropriate control signals 
and the 16-bit address that specifies the memory location 
to be accessed. 

(A4-A7) 

Address Lines: These four address lines are three-state 
outputs which constitute bits 4 through 7 of the 16-bit 
memory address generated by the 8257 during ail DMA 
cycles. 

(READY) 

Ready: This asynchronous input is used to elongate the 
memory read and write cycles in the 8257 with wait states 
if the selected memory requires longer cycles. 

(HRQ) 

Hold Request: This output requests control of the system 
bus. In systems with only one 8257, HRQ will normally be 
applied to the HOLD input on the CPU. 

(HLDA) 

Hold Acknowledge: This input from the CPU indicates 
that the 8257 has acquired control of the system bus. 



(MEMR) 

Memory Read: This active-low three-state output is used 
to read data from the addressed memory location during 
DMA Read cycles. 



(MEMW) 



Memory Write: This active-low three-state output is used 
to write data into the addressed memory location during 
DMA Write cycles. 

(ADSTB) 

Address Strobe: This output strobes the most significant 
byte of the memory address into the 8212 device from the 
data bus. 

(AEN) 

Address Enable: This output is used to disable (float) the 
System Data Bus and the System Control Bus. It may also 
be used to disable (float) the System Address Bus by use 
of an enable on the Address Bus drivers in systems to 
inhibit non-DMA devices from responding during DMA 
cycles. It may be further used to Isolate the 8257 data bus 
from the System Data Bus to facilitate the transfer of the 8 
most significant DMA address bits over the 8257 data I/O 
pins without subjecting the System Data Bus to any 
timing constraints for the transfer. When the 8257 is used 
in an I/O device structure (as opposed to memory 
mapped), this AEN output should be used to disable the 
selection of an I/O device when the DMA address is on the 
address bus. The I/O device selection should be 
determined by the DMA acknowledge outputs for the 4 
channels. 



(TO) 

Terminal Count: This output notifies the currently 
selected peripheral that the present DMA cycle should be 
the last cycle for this data block. If the TC STOP bit in the 
Mode Set register is set, the selected channel will be 
automatically disabled at the end of that DMA cycle. TC is 
activated when the 14-blt value In the selected channel's 
terminal count register equals zero. Recall that the low- 
order 14-bits of the terminal count register should be 
loaded with the values (n-1 ), where n = the desired number 
of the DMA cycles. 

(MARK) 

Modulo 128 Mark: This output notifies the selected 
peripheral that the current DMA cycle is the 128th cycle 
since the previous MARK output. MARK always occurs at 
128 (and all multiples of 128) cycles from the end of the 
data block. Only if the total number of DMA cycles (n) is 
evenly divisable by 128 (and the terminal count register 
was loaded with n-1), will MARK occur at 128 (and each 
succeeding multiple of 128) cycles from the beginning of 
the data block. 







Figure 4. 8257 Blocic Diagram Showing Controi Logic 
and iMode Set Register 
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5. Mode Set Register 

When set, the various bits in the Mode Set register enable 
each of the four DMA channels, and allow four different 
options for the 8257: 



J 



u 



Enables AUTOLOAD 
Enables TC STOP 

Enables EXTENDED WRITE 

Enables ROTATING PRIORITY- 



n 



T, 



Enables DMA Channel 
Enables DMA Channel 1 
Enables DMA Channel 2 
Enables DMA Channel 3 



The Mode Set register is normally programmed by the 
CPU after the DMA address register(s) and terminal 
count register(s) are initialized. The Mode Set Register is 
cleared by the RESET input, thus disabling all options, 
inhibiting all channels, and preventing bus conflicts on 
power-up. A channel should not be left enabled unless its 
DMA address and terminal count registers contain valid 
values; otherwise, an inadvertent DMA request (DRQn) 
from a peripheral could initiate a DMA cycle that would 
destroy memory data. 

The various options which can be enabled by bits in the 
Mode Set register are explained below: 

Rotating Priority Bit 4 

In the Rotating Priority Mode, the priority of the channels 
has a circular sequence. After each DMA cycle, the 
priority of each channel changes. The channel which had 
just been serviced will have the lowest priority. 




If the ROTATING PRIORITY bit is not set (set to a zero), 
each DMA channel has a fixed priority. In the fixed priority 
mode, Channel has the highest priority and Channel 3 
has the lowest priority. If the ROTATING PRIORITY bit is 
set to a one, the priority of each channel changes after 
each DMA cycle (not each DMA request). Each channel 
moves up to the next highest priority assignment, while 
the channel which has just been serviced moves to the 
lowest priority assignment: 



Priority — ► 
Assignments 



CHANNEL-^- 
JUST SERVICED 



Highest 



Lowest 



CH-0 



CH-1 
CH-2 
CH-3 
CH-0 



CH-1 



CH-2 
CH-3 
CH-0 
CH-1 



CH-2 



CH-3 
CH-0 
CH-1 
CH-2 



CH-3 



CH-0 
CH-1 
CH-2 
CH-3 



Note that rotating priority will prevent any one channel 
from monopolizing the DMA mode; consecutive DMA 
cycles will service different channels if more than one 
channel is enabled and requesting service. There is no 
overhead penalty associated with this mode of opera- 
tion. All DMA operations began with Channel initially 
assigned to the highest priority for the first DMA cycle. 

Extended Write Bit 5 

if the E XTEN DED WRITE bit is set, the duration of both the 
MEMW and l/OW signals is extended by activating them 
earlier in the DMA cycle. Data transfers within micro- 
computer systems proceed asynchronously to allow 
use of various types of memory and I/O devices with 
different access times. If a device cannot be accessed 
within a specific amount of time it returns a "not ready" 
indication to the 8257 that causes the 8257 to insert one or 
more wait states in its internal sequencing. Some devices 
are fast enough to be accessed without the use of wait 
states, but if they gener ate the ir R EADY re sponse with the 
leading edge of the l/OW or MEMW signal (which 
generally occurs late in the transfer sequence), they 
would normally cause the 8257 to enter a wait state 
because it does not receive READY in time. For systems 
with these types of devices, the Extended Write option 
provides alternative timing for the I/O and memory write 
signals which allows the devices to return an early READY 
and prevents the unnecessary occurrence of wait states in 
the 8257, thus increasing system throughput. 

TC Stop Bit 6 

If the TC STOP bit is set, a channel is disabled (i.e., its 
enable bit is reset) after the Terminal Count (TC) output 
goes true, thus automatically preventing further DMA 
operation on that channel. The enable bit for that channel 
must be re-programmed to continue or begin another 
DMA operation. If the TC STOP bit is not set, the 
occurrence of the TC output has no effect on the channel 
enable bits. In this case, it is generally the responsibility of 
the peripheral to cease DMA requests in order to terminate 
a DMA operation. 

Auto Load Bit 7 

The Auto Load mode permits Channel 2 to be used for 
repeat block or block chaining operations, without 
immediate software intervention between blocks. Chan- 
nel 2 registers are initialized as usual for the first data 
block; Channel 3 registers, however, are used to store the 
block re-initialization parameters (DMA starting address, 
terminal count and DMA transfer mode). After the first 
block of DMA cycles is executed by Channel 2 (i.e., after 
the TC output goes true), the parameters stored in the 
Channel 3 registers are transferred to Channel 2 during an 
"update" cycle. Note that the TC STOP feature, described 
above, has no effect on Channel 2 when the Auto Load bit 
is set. 
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If the Auto Load bit is set, the initial parameters for 
Channel 2 are automatically duplicated in the Channel 3 
registers when Channel 2 is programmed. This permits 
repeat block operations to be set up with the programming 
of a single channel. Repeat block operations can be used 
in applications such as CRT refreshing. Channels 2 and 3 
can still be loaded with separate values if Channel 2 is 
loaded before loading Channel 3. Note that in the Auto 
Load mode, Channel 3 is still available to the user if the 
Channel 3 enable bit is set, but use of this channel will 
change the values to be auto loaded into Channel 2 at 
update time. All that is necessary to use the Auto Load 
feature for chaining operations is to reload Channel 3 
registers at the conclusion of each update cycle with the 
new parameters for the next data block transfer. 

Each time that the 8257 enters an update cycle, the update 
flag in the status register is set and parameters in Channel 
3 are transferred to Channel 2, non-destructively for 
Channel 3. The actual re-initialization of Channel 2 occurs 
at the beginning of the next channel 2 DMA cycle after the 
TC cycle. This will be the first DMA cycle of the new data 
block for Channel 2. The update flag is cleared at the 
conclusion of this DMA cycle. For chaining operations, 
the update flag in the status register can be monitored by 
the CPU to determine when the re-inltiallzation process 
has been completed so that the next block parameters can 
be safely loaded into Channel 3. 

6. Status Register 

The eight-bit status register indicates which channels 
have reached a terminal count condition and includes the 
update flag described previously. 



I-I°l° 


UPDATE FLAG -J 




1 H 

1 



TC STATUS FOR CHANNEL 
TC STATUS FOR CHANNEL 1 
TC STATUS FOR CHANNEL 2 
TC STATUS FOR CHANNEL 3 



The TC status bits are set when the Terminal Count (TC) 
output is activated for that channel. These bits remain set 
until the status register is read or the 8257 is reset. The 
UPDATE FLAG, however, is not affected by a status 
register read operation. The UPDATE FLAG can be 
cleared by resetting the 8257, by changing to the non-auto 
load mode (i.e., by resetting the AUTO LOAD bit in the 
Mode Set register) or it can be left to clear itself at the 
completion of the update cycle. The purpose of the 
UPDATE FLAG is to prevent the CPU from inadvertently 
skipping a data block by overwriting a starting address or 
terminal count in the Channel 3 registers before those 
parameters are properly auto-loaded Into Channel 2. 



The user is cautioned against reading the TC status 
register and using this information to reenable chan- 
nels that have not completed operation. Unless the 
DMA channels are inhibited a channel could reach ter- 
minal count (TC) between the status read and the mode 
write. DMA can be inhibited by a hardware gate on the 
HRQ line or by disabling channels with a mode word 
before reading the TC status. 



_^| PARAMETERS U- -^(PARAMETERS 1^ 
FOR BLOCK 1 FOR BLOCK 3 

I (CH2) I I (CM 3) I 

»""'" Jiiiiin_rLJirLn 



PARAMETERS L 
FOR BLOCK 3 \ 

(CH 3) CHANNEL 2 UPDATE 

I OCCURS HERE V, 



UPDATE FLAG 




Figure 5. Autoload Timing 
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OPERATIONAL SUMMARY 

Programming and Reading the 8257 Registers 

There are four pairs of "channel registers": each pair 
consisting of a 16-bit DMA address register and a 16-bit 
terminal count register (one pair for each channel). The 
8257 also includes two "general registers": one 8-bit 
Mode Set register and one 8-bit Status register. The 
registers are loaded or read when the CPU executes a 
write or read instruction that addresses the 8257 device 
and the appropriate register within the 8257. The 8228 
generates the appropriate read or write control signal 
(generally I/OR or l/OW while the CPU places a 16-bit 
address on the system address bus, and either outputs the 
data to be written onto the system data bus or accepts the 
data being read from the data bus. All or some of the most 
significant 12 address bits A4-A15 (depending on the 
systems memory, I/O configuration) are usually decoded 
to produce the chip select (CS) input to the 8257. An I/O 
Write input (or Memory Write In memory mapped I/O 
configurations, described below) specifies that the 
addressed register is to be programmed, while an I/O 
Read input (or Memory Read) specifies that the addressed 
register is to be read. Address bit 3 specifies whether a 
"channel register" (A3 = 0) or the Mode Set (program 
only)/Status (read only) register (A3 = 1 ) is to be accessed. 

The least significant three address bits, A0-A2, indicate the 
specific register to be accessed. When accessing the 
Mode Set or Status register, A0-A2 are all zero. When 
accessing a channel register bit Ao differentiates between 
the DMA address register (Ao = 0) and the terminal count 
register (Ao =1), while bits Ai and A2 specify one of the 



CONTROL INPUT 


CS 


l/OW 


I/OR 


A3 


Program Half of a 
Channel Register 








1 





Read Half of a 
Channel Register 





1 








Program Mode Set 
Register 








1 


1 


Read Status Register 





1 





1 



four channels. Because the "channel registers" are 16- 
bits, two program Instruction cycles are required to load 
or read an entire register. The 8257 contains a first/last 
(F/L) flip flop which toggles at the completion of each 
channel program or read operation. The F/L flip flop 
determines whether the upper or lower byte of the register 
is to be accessed. The F/L flip flop is reset by the RESET 
input and whenever the Mode Set register is loaded. To 
maintain proper synchronization when accessing the 
"channel registers" ail channel command instruction 
operations should occur in pairs, with the lower byte of a 
register always b eing a cc essed first. Do not allow CS to 
clock while either I/OR or l/OW is active, as this will cause 
an erroneous F/L flip flop state. In systems utilizing an 
interrupt structure, interrupts should be disabled prior to 
any paired programming operations to prevent an 
interrupt from splitting them. The result of such a split 
would leave the F/L F/F in the wrong state. This problem is 
particularly obvious when other DMA channels are 
programmed by an interrupt structure. 



8257 Register Selection 
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*Ao-Ai5: DMA Starting Address, Go-On: Terminal Count value (N-1), Rd and Wr: DMA Verify (00), Write (01) or Read (10) cycle selection, 
AL: Auto Load, TCS: TO STOP, EW: EXTENDED WRITE, RP: ROTATING PRIORITY, EN3-EN0: CHANNEL ENABLE MASK.UP: UPDATE 
FLAG. TC3-TC0: TERMINAL COUNT STATUS BITS. 
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1 DRQn refers to any DRQ line on an enabled DMA channel. 



Figure 6. DMA Operation State Diagram 



DMA OPERATION 

Single Byte Transfers 

A single byte transfer is Initiated by the I/O device rais- 
ing the DRQ line of one channel of the 8257. If the chan- 
nel is enabled, the 8257 will output a HRQ to the CPU. 
The 8257 now waits until a HLDA is received insuring 
that the sys tem bu s is free for its use. Once HLDA Is 
received the DACK line fo r the requesting channel is ac- 
tivated (LOW). The DACK line acts as a chip select for 
the requesting I/O device. The 8257 then generates the 



read and write commands and byte transfer occurs be- 
tween the selected I/O device and memory. After the 
transfer is complete, the DACK line is set HIGH and the 
HRQ line is set LOW to indicate to the CPU that t he bus 
is now free for use. DRQ must remain HIGH until DACK 
is issued to be recognized and must go LOW before S4 
of the transfer sequence to prevent another transfer 
from occuring. (See timing diagram.) 

Consecutive Transfers 

If more than one channel requests service simultaneous- 
ly, the transfer will occur in the same way a burst does. 
No overhead is incurred by switching from one channel 
to another. In each S4 the DRQ lines are sampled and 
the highest priority request is recognized during the 
next transfer, A burst mode transfer in a lower priority 
channel will be overridden by a higher priority request. 
Once the high priority transfer has completed control 
will return to the lower priority channel if its DRQ is still 
active. No extra cycles are needed to execute this se- 
quence and the HRQ line remains active until all DRQ 
lines go'LOW. 

Control Override 

The continuous DMA transfer mode described above 
can be interrupted by an external device by lowering the 
HLDA line. After each DMA transfer the 8257 samples 
the HLDA line to insure that it is still active. If it is not 
active, the 8257 completes the current transfer, releases 
the HRQ line (LOW) and returns to the idle state. If DRQ 
lines are still active the 8257 will raise the HRQ line in 
the third cycle and proceed normally. (See timing 
diagram.) 

Not Ready 

The 8267 has a Ready input similar to the 8080A and the 
8085A. The Ready line is sampled in State 3. If Ready is 
LOW the 8257 enters a wait state. Ready is sampled dur- 
ing every wait state. When Ready returns HIGH the 8257 
proceeds to State 4 to complete the transfer. Ready is 
used to interface memory or I/O devices that cannot 
meet the bus set up times required by the 8257. 

Speed 

The 8257 uses four clock cycles to transfer a byte of 
data. No cycles are lost in the master to master transfer 
maximizing bus efficiency. A 2MHz clock input will 
allow the 8257 to transfer at a rate of 500K bytes/second. 

Memory Mapped I/O Configurations 

The 8257 can be connected to the system bus as a memory 
device instead of as an I/O device for memory mapped I/O 
configurations by connecting the system memory control 
lines to the 8257's I/O control lines and the system I/O 
control lines to the 8257's memory control lines. 
This configuration permits use of the 8080's considerably 
larger repertoire of memory instructions when reading or 
loading the 8257's registers. Note that with this 
connection, the programming of the Read (bit 15) and 
Write (bit 14) bits in the terminal count register will have a 
different meaning: 
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lO/M 

HOLD 

HLDA 

CLK (OUT) 

RESET IN 

RESET OUT 



DO, — DO, 



8212 



DS2 
CLR 
Dig — PI, DSi 



;zT 



Y 



^ 



MEMR 

i?jR 

MEMW 

low 

HRQ 
HLDA 

CLK 
RESET 



READY 
Ao 



DROo 
DACKo 

DRQ, 
DACK, 

DRQj 
DACKz 

DRQ3 
DACK3 



TC 



b 



DS2 CLR STB 



DIs OOg 

I 8212 I 



MD DS1 



rr 



ADDRESS 
BUS 



:>' 



MEMR 

(OR CONTROL 



. DROo 
. DACKo 
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• DRQ2 
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• DRQ3 
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Figure 11. Detailed System Interface Schematic 
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8257 


MEMRO 








MEMWR 
l/ORD 
l/OWR 













l/ORD 
l/OWR 



BIT 15 
READ 



Figure 7. System Interface for Memory Mapped I/O 
SYSTEM APPLICATION EXAMPLES 




DMA Verify Cycle 

DMA Read Cycle 

DMA Write Cycle 

Illegal 



Figure 8. TC Register for Memory Mapped I/O Only 
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ADDRESS BUS 
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CONTROL BUS 
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AND 
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DRQO 
DACKO 
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SYSTEM 
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Figure 9. Floppy Disk Controller (4 Drives) 
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Figure 10. High-Speed Communication Controller 
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ABSOLUTE MAXIMUM RATINGS* 



Ambient Temperature Under Bias C to 70 C 

Storage Temperature -65°C to +150°C 

Voltage on Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1 Watt 



*COMMENT: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect device reliability. 



D.C. CHARACTERISTICS 

Ta = 0°C to 70° C, Vcc = +5V ± 5%, GND = OV 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


TEST CONDITIONS 


ViL 


Input Low Voltage 


-0.5 


0.8 


Volts 




V|H 


Input High Voltage 


2.0 


VCC+.5 


Volts 




Vol 


Output Low Voltage 




0.45 


Volts 


l0L = 1.6 mA 


VOH 


Output High Voltage 


2.4 


Vcc 


Volts 


IOH=-150MAforAB, 
DBandAEN 
•oH'^-SOjuA for others 


Vhh 


HRQ Output High Voltage 


3.3 


Vcc 


Volts 


loH = -80mA 


ice 


Vcc Current Drain 




120 


mA 




l|L 


Input Leakage 




±10 


MA 


V|N = Vcc to OV 


•OFL 


Output Leakage During Float 




±10 


ma 


VOUT = Vcc to OV 



CAPACITANCE 

Ta = 25°C; Vcc ' °ND = OV 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


TEST CONDITIONS 


CjN 


Input Capacitance 






10 


pF 


fc=1MHz 


C|/o 


I/O Capacitance 






20 


PF 


Unmeasured pins 
returned to GND 
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A.C. CHARACTERISTICS: PERIPHERAL (SLAVE) MODE 

Ta = 0°C to 70°C, Vcc = 5.0V ±5%; GND = OV (Note 1). 

8080 Bus Parameters 
Read Cycle: 



Symbol 


Parameter 


8257 
Min. Max. 


8257-5 
Min. Max. 


Unit 


Test Conditions 


Tar 


Adr or CSI Setup to RDi 








ns 




Tra 


Adror est Hold from RDt 








ns 




Trd 


Data Access from HDi 


300 


200 


ns 


(Note 2) 


Tdf 


DB->Float Delay from RDt 


20 150 


20 100 


ns 




Trr 


RD Width 


250 


250 


ns 




Write Cycle: 


Symbol 


Parameter 


8257 
Min. Max. 


8257-5 
Min. Max. 


Unit 


Test Conditions 


Taw 


Adr Setup to WRi 


20 


20 


ns 




TwA 


Adr Hold from WRt 








ns 




Tdw 


Data Setup to WRt 


200 


200 


ns 




Twd 


Data Hold from WRt 








ns 




Tww 


WR Width 


200 


200 


ns 




Other Timing: 


Symbol 


Parameter 


8257 
Min. Max. 


8257-5 
Min. Max. 


Unit 


Test Conditions 


Trstw 


Reset Pulse Width 


300 


300 


ns 




Trstd 


Power Supply t (Vqc) Setup to Resetl 


500 


500 


MS 




Tr 


Signal Rise Time 


20 


20 


ns 




Tf 


Signal Fall Time 


20 


20 


ns 




Trsts 


Reset to First i/OWR 


2 


2 


tCY 





Notes: 1. All timing measurements are made at the following reference voltages unless specified otherwise: Input "1 
2. 8257: Cl = lOOpF, 8257-5: Cl = 150pF. Output"! 

8257 PERIPHERAL MODE TIMING DIAGRAMS 



' at 2.0V, "0" at 0.8V 
" at 2.0V, "0" at 0.8V 



Write Timing: 



Read Timing: 



ADDRESS BUS 




^. 



ADDRESS BUS 



~3: 



'^W^^ 



Trd - 



Reset Timing: 



DATA BUS 

Input Waveform for A.C. Tests: 



.r 



X 



^r~> 



XTTT' — T^^'^^XT 
^ TEST POINTS Y 
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A.C. CHARACTERISTICS: DMA (MASTER) MODE t^ = o°cto 70°c, Vcc= +5V ±5%, gnd=ov. 
Timing Requirements 





PARAMETER 


8257 


8257-5 




SYMBOL 


MIN. 


MAX. 


MIN. 


MAX. 


UNIT 


TCY 


Cycle Time (Period) 


0.320 


4 


0.320 


4 


MS 


Td 


Clock Active (High) 


120 


.8TcY 


80 


STcY 


ns 


Tqs 


DRQt Setup to 0i (SI,S4) 


120 




30 




ns 


Tqh 


DRQ4 Hold from HLDAtt^^ 












ns 


Ths 


HLDAtor|Setupto0l(SI,S4) 


100 




100 




ns 


Trs 


READY Setup Time to ^t (S3, Sw) 


30 




30 




ns 


Trh 


READY Hold Time from 0t (S3, Sw) 


20 




20 




ns 



Note: 4. Tracking Parameter. 



Tracking Parameters 

Signals labeled as Tracking Parameters (footnotes 4-7 under A.C. Specifications) are signals that follow similar paths 
through the silicon die. The propagation speed of these signals varies in the manufacturing process but the rela- 
tionship between all these parameters is constant. The variation is less than or equal to 50 ns. 

Suppose the following timing equation is being evaluated, 

Ta(min) + Tb(max) ^150 ns 
and only minimum specifications exist for T^ and Tg. If Ta(min) 's used, and if T^ and Tb are tracking parameters, 
"Tbcmax) can be taken as Tb(min) + 50 ns. 

Ta(min) + (TBdy/iiN)* "»- 50 ns) < 150 ns 
*if Ta and Tb are tracking parameters 
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A.C- CHARACTERISTICS: DMA (MASTER) MODE Ta-ox to 70X, Vcc= +5V ±5%, gnd=ov 



TSfffiing Responses 





PARAMETER 


8257 


82575 




SYMBOL 


Mm. 


MAX. 


mm. 


MAX. 


UNIT 


Tdq 


HRQt or IDelay from ^t(SI,S4} 
(measured at 2.0V)f^ J 




160 




160 


ns 


Tdqi 


HRQt or iDelayfrom(9t(SI,S4) 
(measured at 3.3V)f21 




250 




250 


ns 


Tael 


AENt Delay from 0l(S1)ni 




300 




300 


ns 


Taet 


AENiDelayfrom(9t(SI)f^J 




200 




200 


ns 


Taea 


Adr(AB)(Actlve) Delay from AENKSD^^*' 


20 




20 




ns 


Tfaab 


Adr(AB)(Active) Delay from 01(51)^2] 




250 




250 


ns 


Tafab 


Adr(AB)(Float) Delay from ^t(SI)[2| 




150 




150 


ns 


Tasm 


Adr(AB)(Stable) Delay from 0t{Sl)l2] 




250 




250 


ns 


Tah 


Adr(AB) (Stable) Hold from^t(S1)[2] 


TasM"50 




Tasm-50 




ns 


Tahr 


Adr(AB)(Valid) Hold from Rdt(Sl,SI)(^l 


60 




60 




ns 


Xfi^HW 


Adr(AB)(Valld) Hold from VWKS^SDf'^J 


300 




300 




ns 


TpADB 


Adr(DB)(Active) Delay from 0t(S1)l2] 




300 




300 


ns 


Tafdb 


Adr(DB)(Float) Delay from 0t(S2H21 


TsTT+20 


250 


TsTT+20 


170 


ns 


Tass 


Adr(DB) Setup to AdrStb>KS1-S2)l4] 


100 




100 




ns 


Tahs 


Adr(DB)(Valid) Hold from AdrStbl(S2)f^J 


50 




50 




ns 


TSTL 


AdrStbt Delay from ^1(51)^ 1 




200 




200 


ns 


TSTT 


AdrStbl Delay from (9 t(S2)n) 




140 




140 


ns 


TSW 


AdrStb Width (S1-S2)f'*' 


TcY-100 




TcY-100 




ns 


Tasc 


Rdl or Wr(Ext)l Delay from AdrStbl(S2)f41 


70 




70 




ns 


Tdbc 


Rdl or wF(Ext)l Delay from Adr(DB) 
(F!oat)(S2)f'^l 


20 




20 




ns 


Tak 


DACKt or IDelay from 0I(S2,S1) and 
TC/Markt Delay from ^t (S3) and 
TC/Mar kl Delay from 6 1 (S4)I ^ '^J 




250 




250 


ns 


Tdcl 


Rdl or wF(Ext)i Delay from 0t(S2) and 
Wri Delay from 0t(S3)^ 2,6) 




200 




200 


ns 


Tdct 


Rdt Delay from 0i(Sl,SI) and 
Wrt Delay from (9 t(S4)f 2.7] 




200 




200 


ns 


Tfac 


Rd or WF (Active) from t(S1 )f 2) 




300 




300 


ns 


"Ufc 


Rd or WF (Float) from ^t(SI)(2| 




150 




150 


ns 


Trwm 


RdWidth(S2-S1orSI)Hl 


2TcY+T^-50 




2TCY+T0-5O 




ns 


TWWM 


WF Width (S3-S4)(4J 


TcY-50 




TcY-50 




ns 


TwWME 


wF(Ext) Width (S2-S4)141 


2TCY-50 




2TcY-50 




ns 



Notes: 1. Load = 1 TTL. 2. Load = 1 TTL + 50pF. 3. Load = 1 TTL + (Rl = 3.3K), Vqh = 3.3V. 4. Tracking Parameter. 
5. ATak < 50 ns. 6. ATqcL < 50 ns. 7. ATqqj < 50 ns. 
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DMA MODE WAVEFORMS 



CONSECUTIVE CYCLES AND BURST MODE SEQUENCE 



NOTE: The clock waveform is 
duplicated for clarity. 
The 82S7 requires only 
one clock input. 




S3 S4 SI S2 S3 S4 SI SI 



Figure 12. Consecutive Cycies and Burst Mode Sequence 
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1 '' 


sa 


S3 


u 1 


SI 


s, 1 so 


s, 1 


S2 


X 


1^ 
















— 






-^T„s 




' > 


H 












T.ei-* 





-/ 



"V 



Figure 13. Control Override Sequence 




fXEfTfiG/UGfiD 



MEM WR/f7QWR 



■\_ 



■^ ^ 



^ r r\ 



jT- 



7~^— - 



7 ^- 



z: 



A. 



Figure 14. Not Ready Sequence 
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8259A 
PROGRAMMABLE INTERRUPT CONTROLLER 



MCS-Se^*^ Compatible 
MCS-80/85Ti^ Compatible 
Eight-Level Priority Controller 
Expandable to 64 Levels 



■ Programmable Interrupt Modes 

■ Individual Request Mask Capability 

■ Single + 5V Supply (No Clocks) 

■ 28-Pin Dual-ln-Line Package 



The Intel® 8259A Programmable Interrupt Controller handles up to eight vectored priority interrupts for the CPU. It Is 
cascadable for up to 64 vectored priority interrupts without additional circuitry. It is packaged in a 28-pin DIP, uses 
NMOS technology and requires a single -i-5V supply. Circuitry Is static, requiring no clock input. 

The 8259A is designed to minimize the software and real time overhead in handling multi-level priority interrupts. It has 
several modes, permitting optimization for a variety of system requirements. 

The 8259A Is fully upward compatible with the Intel® 8259. Software originally written for the 8259 will operate the 
8259A in all 8259 equivalent modes (MCS-80/85, Non-Buffered, Edge Triggered). 



PIN CONFIGURATION 



BLOCK DIAGRAM 



csC 
wrC 
rdC 

^C 

^L 

CASOC 
CASiC 

gndC 



1 ^ 28 


HVcc 


2 27 


:]Ao 


3 26 


Uinta 


4 25 


UlR? 


5 24 


DlR6 


6 23 


DlR5 


' 8259A '' 

8 21 


IIIR4 
DIR3 


9 20 


I1IR2 


10 19 


HjRI 


11 18 


3 IRQ 


12 17 


::iiNT 


13 16 


DSP/EN 


14 15 


DCAS2 


PIN NAMES 





D7-D0 


DATA BUS (Bl DIRECTIONAL) 


RD 


READ INPUT 


WR 


WRITE INPUT 


Ao 


COMMAND SELECT ADDRESS 


cs 


CHIP SELECT 


CAS2CAS0 


CASCADE LINES 


§P/CN 


SLAVE PROGRAM INPUT/ENABLE 


INT 


INTERRUPT OUTPUT 


INTA 


INTERRUPT ACKNOWLEDGE INPUT 


IR0-IR7 


INTERRUPT REQUEST INPUTS 



°-o 


DATA 

BUS 

BUFFER 






RD -0 

WR "-O 


READ/ 
WRITE 
LOGIC 


"0 » 




¥ 






CASO -* ^ 

CAS1 ► 


CASCADE 

BUFFER/ 

COMPARATOR 




SP/EN -« 


? 



ay 



CONTROL LOGIC 




n 



SERVICE 
REG 

(ISR) 



PRIORITY 
RESOLVER 



w 



INTERRUPT 

REQUEST 

REG 

(IRR) 



-IR3 
-IR4 



-IR6 
-IR7 



INTERRUPT MASK REG 
(IMR) 



"^INTERNAL BUS 



9-109 



8259A 



INTERRUPTS IN MICROCOMPUTER 
SYSTEMS 

Microcomputer system design requires that i/0 devices 
such as keyboards, displays, sensors and other com- 
ponents receive servicing in an efficient manner so that 
large amounts of the total system tasks can be assumed 
by the microcomputer with little or no effect on through- 
put. 

The most common method of servicing such devices is 
the Polled approach. This is where the processor must 
test each device in sequence and in effect "ask" each 
one if it needs servicing. It is easy to see that a large por- 
tion of the main program is looping through this con- 
tinuous polling cycle and that such a method would 
have a serious, detrimental effect on system through- 
put, thus limiting the tasks that could be assumed by 
the microcomputer and reducing the cost effectiveness 
of using such devices. 

A more desirable method would be one that would allow 
the microprocessor to be executing its main program 
and only stop to service peripheral devices when it Is 
told to do so by the device itself. In effect, the method 
would provide an external asynchronous input that 
would inform the processor that it should complete 
whatever instruction that is currently being executed 
and fetch a new routine that will service the requesting 
device. Once this servicing Is complete, however, the 
processor would resume exactly where it left off. 

This method Is called Interrupt. It is easy to see that 
system throughput would drastically increase, and thus 
more tasks couid be assumed by the microcomputer to 
further enhance Its cost effectiveness. 

The Programmable Interrupt Controller (PIC) functions 
as an overall manager in an Interrupt-Driven system 
environment. It accepts requests from the peripheral 
equipment, determines which of the incoming requests 
is of the highest importance (priority), ascertains 
whether the incoming request has a higher priority value 
than the level currently being serviced, and Issues an 
interrupt to the CPU based on this determination. 

Each peripheral device or structure usually has a special 
program or "routine" that is associated with its specific 
functional or operational requirements; this is referred 
to as a "service routine". The PIC, after issuing an Inter- 
rupt to the CPU, must somehow Input Information into 
the CPU that can "point" the Program Counter to the 
service routine associated with the requesting device. 
This "pointer" is an address in a vectoring table and will 
often be referred to, in this document, as vectoring data. 

8259A BASIC FUNCTIONAL DESCRIPTION 

GENERAL 

The 8259A is a device specifically designed for use in 
real time, interrupt driven microcomputer systems. It 
manages eight levels or requests and has built-in fea- 
tures for expandability to other 8259A's (up to 64 levels). 
It is programmed by the system's software as an I/O 
peripheral. A selection of priority modes is available to 
the programmer so that the manner in which the re- 
quests are processed by the 8259A can be configured to 



match his system requirements. The priority modes can 
be changed or reconfigured dynamically at any time dur- 
ing the main program. This means that the complete 
interrupt structure can be defined as required, based on 
the total system environment. 




Polled Method 




\7 



Interrupt Method 
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INTERRUPT REQUEST REGISTER (IRR) AND 
IN-SERVICE REGISTER (ISR) 

The interrupts at the IR input lines are handled by two 
registers In cascade, the Interrupt Request Register 
(IRR) and the In-Service Register (ISR). The IRR is used 
to store all the Interrupt levels which are requesting ser- 
vice; and the ISR is used to store all the interrupt levels 
which are being serviced. 

PRIORITY RESOLVER 

This logic block determines the priorities of the bits set 
in the IRR. The highest priority is selected and s trobed 
into the corresponding bit of the ISR during INTA pulse. 

INTERRUPT MASK REGISTER (IMR) 

The IMR stores the bits which mask the interrupt lines 
to be masked. The IMR operates on the IRR. Masking of 
a higher priority input will not affect the interrupt 
request lines of lower priority. 

INT (INTERRUPT) 

This output goes directly to the CPU interrupt input. The 
Vqh level on this line is designed to be fully compatible 
with the 8080A, 8085A and 8086 input levels. 



INTA (INTERRUPT ACKNOWLEDGE) 

INTA pulses will cause the 8259A to release vectoring 
information onto the data bus. The format of this data 
depends on the system mode (^PM) of the 8259A. 

DATA BUS BUFFER 

This 3-state, bidirectional 8-bit buffer is used to inter- 
face the 8259A to the system Data Bus. Control words 
and status information are transferred through the Data 
Bus Buffer. 

READ/WRITE CONTROL LOGIC 

The function of this block is to accept OUTput com- 
mands from the CPU. It contains the Initialization Com- 
mand Word (ICW) registers and Operation Command 
Word (OCW) registers which store the various control 
formats for device operation. This function block also 
allows the status of the 8259A to be transferred onto the 
Data Bus. 

CS (CHIP SELECT) 

A LOW on this input enables the 8259A. No reading or 
writing of the chip will occur unless the device is 
selected. 




8259A Block Diagram 



n 






DATA 

BUS 

BUFFER 









READ/ 
WRITE 
LOGIC 



u 









i. 



wmm^wm 



m 






2 



mm 



^ y 

V 



mti^i^^inwm^m^ 



WR (WRITE) 

A LOW on this input enables the CPU to write control 
words (ICWs and OCWs) to the 8259A. 



8259A Block Diagram 



RD (READ) 

A LOW on this input enables the 8259A to send the 
status of the Interrupt Request Register (IRR), In Service 
Register (ISR), the Interrupt Mask Register (IMR), or the 
Interrupt level onto the Data Bus. 



This input signal is used in conjunction with WR and RD 
signals to write commands into the various command 
registers', as well as reading the various status registers 
of the chip. This line can be tied directly to one of the ad- 
dress lines. 
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THE CASCADE BUFFER/COMPARATOR 

This function block stores and compares the IDs of ail 
8259A's used in the systenn. The associated three I/O 
pins (CASO-2) are outputs when the 8259A is used as a 
master and are inputs when the 8259A is used as a 
slave. As a master, the 8259A sends the ID of the inter- 
rupting slave device onto the CASO-2 lines. The $lave 
thus selected will send its preprogrammed subroutine 
address ont o the Data Bus during the next one or two 
consecutive INTA pulses. (See section "Cascading the 
8259A".) 

INTERRUPT SEQUENCE 

The powerful features of the 8259A in a microcomputer 
system are its programmability and the interrupt routine 
addressing capability. The latter allows direct or indirect 
jumping to the specific interrupt routine requested 
without any polling of the interrupting devices. The nor- 
mal sequence of events during an interrupt depends on 
the type of CPU being used. 

The events occur as follows In an MCS-80/85 system: 

1.0ne or more of the INTERRUPT REQUEST lines 
(IR7-0) are raised high, setting the corresponding IRR 
bit(s). 

2. The 8259A evaluates these requests, and sends an 
INT to the CPU, if appropriate. 

3. The C PU acl^nowledges the INT and responds with an 
INTA pulse. 

4. Upon receiving an INTA from the CPU group, the 
highest priority ISR bit Is set, and the corresponding 
IRR bit is reset. The 8259A will also release a CALL in- 
struction code (11001101) onto the 8-bit Data Bus 
through its D7-0 pins. 

5. This CALL instruction will initiate two more INTA 
pulses to be sent to the 8259A from the CPU group. 

6. These two INTA pulses allow the 8259A to release its 
preprogrammed subroutine address onto the Data 
Bus. The lower 8-bit address is released at the first 
INTA pulse and and the h igher 8-bit address is re- 
leased at the second INTA pulse. 

7. This completes the 3-byte CALL instruction released 
by the 8269A. In th e AEO I mode the ISR bit is reset at 
the end of the third INTA pulse. Otherwise, the ISR bit 
remains set until an appropriate EOl command Is 
issued at the end of the interrupt sequence. 

The events occurring In an MCS-86 system are the same 
until step 4. 



4. Upon receiving an INTA from the CPU group, the high- 
est priority ISR bit is set and the corresponding IRR 
bit Is reset. The 8259A does not drive the Data Bus 
during this cycle. 

6. The MCS-86 CPU will initiate a second INTA pulse. 
During this pulse, the 8259A releases an 8-bit pointer 
onto the Data Bus where It is read by the CPU. 

6. This completes the interrupt cycle. In the AEOI mode 
the ISR bit is reset at the end of the second INTA 
pulse. Otherwise, the ISR bit remains set until an 
appropriate EOl command is issued at the end of the 
interrupt subroutine. 



If no Interrupt request is present at step 4 of either 
sequence (I.e., the request was too short in duration) the 
8259A will issue an Interrupt level 7. Both the vectoring 
bytes and the CAS lines will look like an interrupt level 7 
was requested. 
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8259A Block Diagram 



ADDRESS BUS (16) 



CONTROL BUS 



DATA BUS (8) 



CASCADE 
LINES 




HD m INT INTA 



CAS 2 IRQ IRQ IRQ IRQ IRQ IRQ IRQ IRQ 

§P/iN 7 6 5 4 3 2 10 





SLAVE 
PROG. 



INTERRUPT 
REQUESTS 



8259A Interface to Standard System Bus 
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INTERRUPT SEQUENCE OUTPUTS 

MCS-80/85 SYSTEM 

This sequ ence is timed by three INTA pulses. During the 
first INTA pulse the CALL opcode is enabled onto the 
data bus. 

Contont of First Interrupt 
Vector Byte 



CALL CODE 



During the second INTA pulse the lower address of the 
appropriate service routine is enabled onto the data bus. 
When Interval = 4 bits A5-A7 are programmed, while Aq- 
A4 are automatically inserted by the 8259A. When Inter- 
val = 8 only Ae and A7 are programmed, while A0-A5 are 
automatically inserted. 

Content of Second Interrupt 
Vector Byte 



D7 


D6 


D5 


D4 


D3 


D2 


01 


DO 


1 


1 








1 


1 





1 



IR 


tnt«rvaU4 | 




D7 


OS 


05 


04 03 


02 


01 


DO 


7 


A7 


A6 


A5 


1 1 


1 








6 


A7 


A6 


A5 


1 1 











5 


A7 


A6 


A5 


1 


1 








4 


A7 


A6 


A5 


1 











3 


A7 


A6 


A5 


1 


1 








2 


A7 


A6 


A5 


1 











1 


A7 


A6 


A6 





1 











A7 


A6 


A5 
















IR 


intervaS » 8 




07 


06 


05 


04 03 


02 


01 


DO 


7 


A7 


A6 


1 


1 1 











6 


A7 


A6 


1 


1 











5 


A7 


A6 


1 


1 











4 


A7 


A6 


1 














3 


A7 


A6 





1 1 











2 


A7 


A6 





1 











1 


A7 


A6 





1 














A7 


A6 


















During the third INTA pulse the higher address of the 
appropriate service routine, which was programmed as 
byte 2 of the initialization sequence {Aq- A^^), is 
enabled onto the bus. 



Content of Third Interrupt 
Vector Byte 



07 


06 


05 


04 


03 


02 


01 


DO 


1 A15 


A14 


A13 


A12 


All 


A10 


A. 


AS 1 



MCS-86 SYSTEM 

MCS-86 mode is similar to MCS-80 mode except that 
only two Interrupt Acknowledge cycles are issued by 
the processor and no CALL opcode is sent to the proc- 
essor. The first interrupt acknowledge cycle is similar to 
that of MCS-80/85 systems in that the 8259A uses it to 
internally freeze the state of the interrupts for priority 
resolution and as a master it issues th e Inte rrupt code 
on the cascade lines at the end of the INTA pulse. On 
this first cycle it does not issue any data to the proc- 
essor and leaves its data bus buffers disabled. On the 
second interrupt acknowledge cycle in MCS-86 mode 
the master (or slave if so programmed) will send a byte 
of data to the processor with the acknowledged inter- 
rupt code composed as follows (note the state of the 
ADI mode control is ignored and A5-A1-1 are unused in 
MCS-86 mode): 



Content of Interrupt Vector Byte 
for MCS-86 System Mode 





07 


D6 


D5 


04 


03 


02 


01 


DO 


IR7 


A15 


A14 


A13 


A12 


A11 


1 


1 


1 


iR6 


A15 


A14 


A13 


A12 


A11 


1 


1 





IRS 


A15 


A14 


A13 


A12 


A11 


1 





1 


IR4 


A15 


A14 


A13 


A12 


All 


1 








IR3 


A15 


A14 


A13 


A12 


A11 





1 


' 


IR2 


A15 


A14 


A13 


A12 


A11 





1 





IR1 


A15 


A14 


A13 


A12 


All 








1 


IRO 


A15 


A14 


A13 


A12 


AH 
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PROGRAMMING THE 8259A 

The 8259A accepts two types of command words gener- 
ated by the CPU: 



1. Initialization Command Words (ICWs): Before normal 
operation can begin, each 8259A in the system must 
be brought to a starting point — by a sequence of 2 to 
4 bytes timed by WR pulses. This sequence is 
described in Figure 1. 

2. Operation Command Words (OCWs): These are the 
command words which command the 8259A to oper- 
ate In various interrupt modes. These modes are: 

a. Fully nested mode 

b. Rotating priority mode 

c. Special mask mode 

d. Polled mode 



INITIALIZATION 
GENERAL 

Whenever a command is issued with A0 = and D4= 1, 
this Is interpreted as Initialization Command Word 1 
(ICW1). ICW1 starts the initialization sequence during 
which the following automatically occur. 

a. The Interrupt Mask Register is cleared. 

b. IR 7 input is assigned priority 7. 

c. The slave mode address is set to 7. 

d. Special Mask Mode is cleared and Status Read is set to 
IRR. 

e. If IC4 = 0, then all functions selected in ICW4 are set to 
zero. (Non-Buffered mode*, no Auto-EOI, MCS-80/85 
system, non SFNM). 



The OCWs can be written Into the 8259A anytime after 
initialization. 



*Not«: Master/Slave in ICW4 is only used in the buffered mode. 



Ao 


D4 


03 


RD 


WR 


cs 


INPUT OPERATION (READ) 




1 










1 
1 






IRR, ISR or Interrupting Level-^-DATA BUS (Note 1) 
IMR -►DATA BUS 














OUTPUT OPERATION (WRITE) 






1 





1 

X 




1 

X 
X 


1 
1 
1 
1 














DATA BUS -►0CW2 

DATA BUS -►0CW3 

DATA BUS -►ICW1 

DATA BUS-^0CW1, ICW2, ICW3, ICW4 (Note 2) 














DISABLE FUNCTION 


X 
X 


X 
X 


X 
X 


1 

X 


1 

X 




1 


DATA BUS — 3-STATE (NO OPERATION) 
DATA BUS - 3-STATE (NO OPERATION) 



Notts: 1. Selection of IRR, ISR or Interrupting Level is based on the content of 0CW3 written before the READ operation. 
2. On-chip sequencer logic queues these connmands into proper sequence. 

8259A Basic Operation 
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INITIALIZATION COMMAND WORDS 1 AND 2 
0CW1, ICW2) 

A5-A15: Page starting address of service routines. In an 
MCS 80/85 system, the 8 request levels will generate 
CALLS to 8 locations equally spaced in nnemory. These 
can be programmed to be spaced at intervals of 4 or 8 
memory locations, thus the 8 routines will occupy a 
page of 32 or 64 bytes, respectively. 

The address format is 2 bytes long (A0-A15). When the 
routine interval is 4, A0-A4 are automatically inserted by 
the 8259A, while A5-A15 are programmed externally. 
When the routine interval is 8, A0-A5 are automatically 
inserted by the 8259A, while Ae-A^s are programmed 
externally. 

The 8-byte interval will maintain compatibility with cur- 
rent software, while the 4-byte interval is best for a com- 
pact jump table. 

In an MCS-86 system A15-A11 are inserted in the five 
most significant bits of the vectoring byte and the 
8259A sets the three least significant bits according to 
the interrupt level. A^o'^s are ignored and ADI (Address 
interval) has no effect. 



LTIM: If LTIM = 1, then the 8259A will operate in the 

level interrupt mode. Edge detect logic on the 

interrupt inputs will be disabled. 
ADI: CALL address Interval. ADI = 1 then interval = 4; 

ADI = then interval = 8. 
SNGL: Single. Means that this is the only 8259A in the 

system. If SNGL = 1 no tCW3 will be issued. 
IC4: If this bit is set — ICW4 has to be read. If ICW4 

is not needed, set IC4 = 0. 



INITIALIZATION COMMAND WORD 3 (ICW3) 

This word is read only when there is more than one 
8259A in the system and cascading is used, in which 
case SNGL = 0. It will load the 8-bit slave register. The 
functions of this register are: 

a. In the master mode (either when SP = 1 , or in buffered 
mode when M/S=1 in ICW4) a "1" is set for each 
slave in the system. The master then will release byte 
1 of the call sequence (for MCS-80/85 system) and 
will enable the corresponding slave to release bytes 2 
and 3 (for MCS-86 only byte 2) through the cascade 
lines. 

b. In the slave mode (either when SP = 0, or if BUF= 1 
and M/S = in ICW4) bits 2-0 identify the slave. The 
slave compares its cascade input with these bits and. 
If they are equal, bytes 2 and 3 of the call sequence (or 
just byte 2 for MCS-86) are released by it on the Data 
Bus. 

INITIALIZATION COMMAND WORD 4 (ICW4) 

SFNM: If SFNM:=1 the special fully nested mode is 
programmed. 

BUF: If BUF= 1 the buffered mode is programmed. In 
buffered mode SP/EN becomes an enable output 
and the master/slave determination is by M/S. 

M/S: If buffered mode is selected: M/S= 1 means the 
8259A is programmed to be a master, M/S=:0 
means the 8259A is programmed to be a slave. If 
BUF = 0, M/S has no function. 

AEOI: If AEOI = 1 the automatic end of interrupt mode 
is programmed. 

^4PM: Microprocessor mode: mPM = sets the 8259A 
for MCS-80/85 system operation, ^PM = 1 sets 
the 8259A for MCS-86 system operation. 



AO 


07 


06 


05 


04 


03 


02 


01 


00 


1- 


A7 


A6 


AS 


1 


LTIM 


AOI 


SNQL 


IC4 


1 


1 


A1S 


A14 


A13 


A12 


All 


A10 


A9 


"1 



(SNQL-1) 




NO (SNQL»0) 




(IC4»0) 



YES (104 «1) 



REAOY TO ACCEPT REQUESTS 
IN THE FULLY NESTEO MOOE 



Figure 1. Initialization Sequence 
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t>8 O5 



1 tCW4 NEEDED 
0= NO ICW4 NEEDED 



1 - SINGLE 

0= NOT SINGLE 



CALL ADDRESS INTERVAL 
1 - INTERVAL OF 4 
0» INTERVAL OF 8 



1 = LEVEL TRIGGERED INPUT 
0- EDGE TRIGGERED INPUT 



A7- A5OF LOWER 
ROUTINE ADDRESS 
<MCS-80/85 MODE ONLY) 



Ao 


D 


7 





6 


D5 


D 


4 


D 


3 


C 


>2 


D, 


Do 




1 


A,5 


Al4 


A,3 


A,2 


All 


A,o 


A, 


A« 


































UPPER ROUTINE 
ADDRESS 







































ICW3 (MASTER DEVICE) 
D^ D4 O3 D2 



1 


h 


h 


h 


s« 


S3 


h 


s, 


5o 






























1 = IR INPUT HAS A SLAVE 
- IR INPUT DOES NOT HAVE 
A SLAVE 





































ICW3 (SLAVE DEVICE) 



Ao 


D7 


^6 


^ 


D4 


D3 


L 


2 


D 


1 


D 







1 

















ID^ 


ID, 


'Do 




































SLAVE loni 











1 


2 


3 


4 


5 


6 


7 









1 





1 





1 





1 




















1 


1 








1 


1 


























1 


1 


1 


1 























Ao 


D7 


06 


D5 


D4 


03 


02 


D 


1 


Do 




1 











FNM 


BUF 


M/S 


AEO! 


luFM 








1 = MCS 86 MODE 
= MCS 80/85 MODE 






















1 


















1 - AUTO EOl 
= NORMAL EOl 
























-NON BUFFERED MODE 

- BUFFERED MODE/SLAVE 

- BUFFERED MODE/MASTER 











X 






1 









1 


1 






























1 = FULLY NESTED MODE 
























= NOT Fl 


JLLY NESTED MODE 



NOTE 1: SLAVED ID IS EQUAL TO THE CORRESPONDING MASTER IR INPUT. 
NOTE 2: X INDICATED "DONT CARE". 



Initialization Command Word Format 
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OPERATION COMMAND WORDS (OCWs) 

After the Initialization Command Words (ICWs) are pro- 
grammed into the 8259A, the chip is ready to accept 
interrupt requests at its input lines. However, during the 
8259A operation, a selection of algorithms can com- 
mand the 8259A to operate in various modes through 
the Operation Command Words (OCWs). 



OPERATION CONTROL WORDS (OCWs) 



AO 

m 



D7 


oe 


ocwi 

D5 D4 


D3 


D2 


D1 


00 


|m7 


M6 


M5 M4 


M3 


M2 


Ml 


MO 1 



OPERATION CONTROL WORD 1 (0CW1) 

0CW1 sets and clears the mask bits in the interrupt 
Masl< Register (IMP). My- Mq represent the eight masl< 
bits. M = 1 indicates the channel is masl<ed 
(inhibited), M = indicates the channel is enabled. 



OPERATION CONTROL WORD 2 (0CW2) 

R, SEOI, EOl — These three bits control the Rotate and 
End of Interrupt modes and combinations of the two. A 
chart of these combinations can be found on the Opera- 
tion Command Word Format. 

L2, Li, Lq — These bits determine the interrupt level 
acted upon when the SEOI bit is active. 



H 



m 



SEOI EOl 



L2 



LO 



SSMM SMM 



SRIS RIS 



OPERATION CONTROL WORD 3 (0CW3) 

ESMM — Enable Special Mask Mode. When this bit is 
set to 1 it enables the SMM bit to set or reset the Special 
Mask Mode. When ESMM = the SMM bit becomes a 
"don't care". 

SMM — Special Mask Mode. If ESMM = 1 and SMM = 1 
the 8259A will enter Special Mask Mode. If ESMM = 1 
and SMM = the 8259A will revert to normal mask mode. 
When ESMM = 0, SMM has no effect. 
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OCW1 
D, Dg Dj D^ D3 D2 D, Dq 



1 


M7 


M6 


M5 


M4 


M3 


M2 


Ml 


MO 
































INTERRUPT MASK 
1 - MASK SET 
= MASK RESET 








, 





























% 


D 




De 


D5 


D^ 


D3 


C 


2 


D, 


Oo 







R 


SEOI 


EOl 








h 


L, 


t-o 
























BCD LEVEL TO BE RESET 
OR PUT INTO LOWEST PRIORITY 













1 


2 


3 


4 


5 


6 


7 









1 





1 





1 





1 




















1 


1 








1 


1 


























1 


1 


1 


1 










































' 






















1 


NON-SPECIFIC EOl 

SPECIFIC EOl, L0-L2 CODE OF IS FF TO BE RESET 

ROTATE AT EOl AUTOMATICALLY (MODE A) 

ROTATE AT EOl (MODE B), (L0-L2 DEFINES NEW LOWEST PRIORITY) 

SET ROTATE A FF 

CLEAR ROTATE A FF 

ROTATE PRIORITY (MODE B) INDEPENDENTLY OF EOl {L0-L2 CODE OF LINE) 

NO OPERATION 









1 


1 






1 





1 






1 


1 


1 






1 















G 









1 


1 












1 
















































READ IN SERVICE REGISTER 



READ 
IR REG 
ON NEXT 
RD PULSE 



READ 
IS REG 
ON NEXT 
RD PULSE 



A HIGH ENABLES THE NEXT RD PULSE 
TO READ THE BCD CODE OF THE HIGH 
EST LEVEL REQUESTING INTERRUPT 



SPECIAL MASK MODE 



RESET 
SPECIAL 
MASK 



Operation Command Word Format 
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INTERRUPT MASKS 

Each Interrupt Request input can be masked individu- 
ally by the Interrupt Mask Register (IMR) programmed 
through 0CW1. Each bit in the IMR masks one interrupt 
channel if it is set (1). Bit masks IRO, Bit 1 masks iR1 
and so forth. Masking an IR channel does not affect the 
other channels operation. 

SPECIAL MASK MODE 

Some applications may require an interrupt service 
routine to dynamically alter the system priority struc- 
ture during Its execution under software control. For 
example, the routine may wish to Inhibit lower priority 
requests for a portion of its execution but enable some 
of them for another portion. 

The difficulty here is that if an Interrupt Request is 
acknowledged and an End of Interrupt command did not 
reset its IS bit (i.e., while executing a service routine), 
the 8259A would have inhibited all lower priority 
requests with no easy way for the routine to enable 
them 

That is where the Special Mask Mode comes in. In the 
special Mask Mode, when a mask bit is set in 0CW1, it 
inhibits further interrupts at that level and enables inter- 
rupts from all other levels (lower as well as higher) that 
are not masked. 

Thus, any interrupts may be selectively enabled by 
loading the mask register. 

The special Mask Mode is set by 0CW3 where: 
SSMM = 1, SMM = 1, and cleared where SSMM = 1, 
SMM = 0. 

BUFFERED MODE 

When the 8259A is used in a large system where bus 
driving buffers are required on the data bus and the cas- 
cading mode is used, there exists the problem of enabl- 
ing buffers. 

The buffered mode will structure the 8259A to send an 
enable signal on SP/EN to enable the buffers. In this 
mode, whenever the 8259A's data bus outputs are ena- 
bled, the SP/EN output becomes active. 

This modification forces the use of software program- 
ming to determine whether the 8259A is a master or a 
slave. Bit 3 in ICW4 programs the buffered mode, and bit 
2 in ICW4 determines whether it is a master or a slave. 



FULLY NESTED MODE 

This mode Is entered after initialization unless another 
mode is programmed. The interrupt requests are 
ordered in priority form through 7 (0 highest). When an 
interrupt is acknowledged the highest priority request is 
determined and its vector placed on the bus. Additional- 
ly, a bit of the Interrupt Service register (ISO-7) is set. 
This bit remains set until the microprocessor issues an 
End of Interrupt (EOl) command immediately before 
returning from the service routine, or if AEOI (Automatic 
End of Interrupt) bit is set, until the trailing edge of the 
last INTA. While the IS bit is set, all further interrupts of 
the same or lower priority are inhibited, while higher 
levels will generate an interrupt (which will be 
acknowledged only if the microprocessor internal Inter- 
rupt enable flip-flop has been re-enabled through soft- 
ware). 

After the Initialization sequence, IRO has the highest 
priority and IR7 the lowest. Priorities can be changed, as 
will be explained, in the rotating priority mode. 



THE SPECIAL FULLY NESTED MODE 

This mode will be used in the case of a big system 
where cascading is used, and the priority has to t>e con- 
served within each slave. In this case the fully nested 
mode will be programmed to the master (using ICW4). 
This mode is similar to the normal nested mode with the 
following exceptions: 

a. When an interrupt request from a certain slave is in 
service this slave is not locked out from the master's 
priority logic and further interrupt requests from 
higher priority IR's within the slave will be recognized 
by the master and will Initiate interrupts to the proc- 
essor. (In the normal nested mode a slave is masked 
out when its request is in service and no higher 
requests from the same slave can be serviced.) 

b. When exiting the Interrupt Service routine the soft- 
ware has to check whether the interrupt serviced was 
the only one from that slave. This is done by sending 
a non-specific End of Interrupt (EOl) command to the 
slave and then reading its In-Service register and 
checking for zero. If it is empty, a non-specific EOl 
can be sent to the master too. If not, no EOl should be 
sent. 
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POLL 

In this mode the microprocessor internal Interrupt 
Enable flip-flop is reset, disabling its interrupt input. 
Service to devices is achieved by programmer initiative 
using a Poll command. 

The Poll command Is issued by setting P = "1"inOCW3. 
The 8259A treats the next RD pulse to the 8259A (i.e., 
RD = 0, ^ = 0) as an interrupt acknowledge, sets the 
appropriate IS bit if there is a request, and reads the 
priority level. Interrupt is frozen from WR to RD. 

The word enabled onto the data bus during R5 is: 

07 06 05 04 03 02 01 00 

[~l - _ - - W2 W1 wo"] 

W0-W2: Binary code of the highest priority level 
requesting service. 
I: Equal to a "1" if there Is an interrupt. 

This mode is useful if there is a r outine command com- 
mon to several levels so that the INTA sequence is not 
needed (saves ROM space). Another application is to 
use the poll mode to expand the number of priority 
levels to more than 64. 

END OF INTERRUPT (EOl) 

The In Service (IS) bit can be reset either automat ically 
following the trailing edge of the last In sequence INTA 
pulse (when ^EOI bit In ICW1 Is set) or by a command 
word that must be issued to the 8259A before returning 
from a service routine (EOl command). An EOl command 
must be issued twice, once for the master and once for 
the corresponding slave if slaves are in use. 

There are two forms of EOl command: Specific and Non- 
specific. When the 8259A is operated in modes which 
preserve the fully nested structure, it can determine 
which IS bit to reset on EOl. When a Non-SpecifIc EOl 
command is issued the 8259A will automatically reset 
the highest IS bit of those that are set, since In the 
nested mode the highest IS level was necessarily the 
last level acknowledged and serviced. 

However, when a mode is used which may disturb the 
fully nested structure, the 8259A may no longer be able 
to determine the last level acknowledged. In this case a 
Specific End of Interrupt (SEOI) must be issued which 
includes as part of the command the IS level to be reset. 
EOl is issued whenever EOl = 1 , in 0CW2, where L0-L2 is 
the binary level of the IS bit to be reset. Note that although 
the Rotate command can be issued together with an EOl 
where EOl = 1, It is not necessarily tied to it. 

It should be noted that an IS bit that is masked by an 
IMR bit will not be cleared by a non-specific EOl if the 
8259A is in the Special Mask Mode. 

AUTOMATIC END OF INTERRUPT (AEOI) MODE 

If AEOI = 1 in ICW4, then the 8259A will operate in AEOI 
mode continuously until reprogrammed by ICW4. In this 
mode the 8269A will automatically perform a non- 
specific EOl operation at the trailing edge of the last 
interrupt acknowledge pulse (third pulse in MCS-80/85, 



second in MCS-86). Note that from a system standpoint, 
this mode should be used only when a nested multilevel 
interrupt structure is not required within a single 8259A. 

To achieve automatic rotation (Rotate Mode A) within 
AEOI, there is a special rotate flip-flop. It is set by 0CW2 
with R=1, SEOI = 0, EOI = 0, and cleared with R = 0, 
SEOI = 0, EOI = 0. 

ROTATING PRIORITY MODE A (AUTOMATIC 
ROTATION) FOR EQUAL PRIORITY DEVICES 

In some applications there are a number of Interrupting 
devices of equal priority, in this mode a device, after 
being serviced, receives the lowest priority, so a device 
requesting an interrupt will have to wait, in the worst 
case until each of 7 other devices are serviced at most 
once. For example, If the priority and "in service" status 
is: 

Before Rotate (IR4 the highest priority requiring service) 

IS7 iS6 185 IS4 IS3 iS2 IS1 ISO 



"IS" status 


1 I 1 I I 1 


1 1 1 1 




Lowest Priority 


HIghost Priority 


Priority Status 


r^ 


6 I 5 I 4 


3 1 a 1 , f 1 



After Rotate (IR4 was serviced, all other priorities 
rotated correspondingly) 



"IS" status 



IS7 IS6 IS5 


IS4 


IS3 


IS2 IS1 


ISO 


|o|i|o 








1 


-I 



HIghost Priority 



Lowast Priority 



Priority Status 



I ^Toht^l^^ 



The Rotate command mode A is issued in 0CW2 where: 
R = 1, EOl = 1, SEOI = 0. Internal status is updated by an 
End of Interrupt ( EOl or AEOI ) command. If R = 1 , EOl = 0, 
SEOI = 0, a "Rotate-A" flip-flop is set. This is useful in 
AEOI, and described under Automatic End of Interrupt. 



ROTATING PRIORITY MODE B (ROTATION BY 
SOFTWARE) 

The programmer can change priorities by programming 
the bottom priority and thus fixing all other priorities; 
i.e., if IRS is programmed as the bottom priority device, 
then IR6 will have the highest one. 

The Rotate command Is issued In 0CW2 where: R = 1, 
SEOI = 1; L0-L2 Is the binary priority level code of the 
bottom priority device. 

Observe that in this mode internal status Is updated by 
software control during 0CW2. However, it is independ- 
ent of the End of Interrupt (EOl) command (also exe- 
cuted by 0CW2). Priority changes can be executed dur- 
ing an EOl command or independently. 
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\ CONTROL 
LOGIC 




INTERNAL 
DATA BUS 



NOTES 

1. MASTER CLEAR ACTIVE ONLY DURING ICW1 

2. FREEZE/ IS ACTIVE DURING INTa/ AND POLL SEQUENCES ONLY 

3. TRUTH TABLE FOR D-LATCH 

C 1 D 10 I OPERATION 



FOLLOW 
HOLD 



Priority Cell — Simplified Logic Diagram 



LEVEL TRIGGERED MODE 

This mode is programmed using bit 3 in ICW1. 
If LTIM ='1', an interrupt request will be recognized by a 
'high' level on IR Input, and there is no need for an edge 
detection. The interrupt request must be removed 
before the EOl command is issued or the CPU interrupt 
is enabled to prevent a second interrupt from occurring. 

The above figure shows a concep. jal circuit to give the 
reader an understanding of the level sensitive and edge 
sensitive input circuitry of the 8259A. Be sure to note 
that the request latch is a transparent D type latch. 

READING THE 8259A STATUS 

The input status of several internal registers can be read 
to update the user information on the system. The 
following registers can be read by issuing a suitable 
OCW3 and reading with RD. 

Interrupt Mask Register: 8-bit register whose content 
specifies the interrupt request lines being masked, 
acknowledged. The highest request level is reset from 
the IRR when an interrupt is acknowledged. (Not 
affected by IMR.) 



In-Service Register (ISR): 8-bit register which contains 
the priority levels that are being serviced. The ISR is 
updated when an End of Interrupt command is issued. 

Interrupt Mask Register: 8-bit register which contains 
the interrupt request lines which are masked. 

The IRR can be read when, prior to the RD pulse, a WR 
pulse is issued with 0CW3 (ERIS= 1, RIS = 0.) 

The ISR can be read in a similar mode when ERIS= 1, 
RIS=1 intheOCW3. 

There is no need to write an 0CW3 before every status 
read operation, as long as the status read corresponds 
with the previous one; i.e., the 8259A "remembers" 
whether the IRR or ISR has been previously selected by 
the 0CW3. This is not true when poll is used. 

After initialization the 8259A is set to IRR. 

For reading the IMR, no 0CW3 is needed. The output 
data bus will contain the IMR whenever RD is active and 
A0=1. 




Polling overrides status read when P=1, 
0CW3. 



ERIS=1 in 
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Mnemonic 



AO 07 06 



SUMMARY OF 8259A INSTRUCTION SET 

05 04 03 02 01 00 



Operation Ottcrlptlon 



1 


ICW1 


A 





A7 


A6 


A5 







1 


1 





2 


ICW1 


B 





A7 


A6 


A5 




1 


1 


1 





3 


ICW1 


C 





A7 


A6 


A5 







1 








4 


ICW1 


D 





A7 


A6 


A5 




1 


1 








5 


ICW1 


E 





A7 


A6 













1 





6 


ICW1 


F 





A7 


A6 







1 





1 





7 


ICW1 


G 





A7 


A6 



















8 


ICW1 


H 





A7 


A6 







1 











9 


ICW1 


1 





A7 


A6 


A5 







1 


1 




10 


ICW1 


J 





A7 


A6 


A5 




1 


1 


1 




11 


ICW1 


K 





A7 


A6 


A5 







1 







12 


ICW1 


L 





A7 


A6 


A5 




1 


1 







13 
14 


ICW1 
ICW1 


M 
N 






A7 
A7 


A6 
A6 










1 






1 
1 




15 


rcwi 








A7 


A6 


















16 


ICW1 


P 





A7 


A6 







1 










17 


ICW2 






A15 


A14 


A13 


A12 


All 


A10 


A9 


A8 


18 


ICW3 


M 




S7 


S6 


S5 


S4 


S3 


S2 


SI 


SO 


19 


ICW3 


S 



















S2 


SI 


SO 


20 


ICW4 


A 




























21 


ICW4 


B 



























22 


ICW4 


C 






















1 




23 


ICW4 


D 






















1 




24 


ICW4 


E 



















1 







25 


ICW4 


F 



















1 







26 


ICW4 


G 



















1 


1 




27 


ICW4 


H 



















1 


1 




28 


ICW4 


1 


























29 


ICW4 


J 


























30 


ICW4 


K 





















1 




31 


ICW4 


L 





















1 




32 


ICW4 


M 


















1 







33 


ICW4 


N 


















1 







34 


ICW4 










b 










1 


1 




35 


ICW4 


P 


















1 


1 




36 


ICW4 


NA 


























37 


ICW4 


NB 


























38 


ICW4 


NC 





















1 




39 


ICW4 


ND 





















1 




40 


ICW4 


NE 


















1 







41 


ICW4 


NF 


















1 







42 


ICW4 


NG 


















1 


1 




43 


ICW4 


NH 


















1 


1 




44 


ICW4 


Nl 

























45 


ICW4 


NJ 

























46 


ICW4 


NK 




















1 




47 


ICW4 


NL 




















1 




48 


ICW4 


NM 

















1 







49 


ICW4 


NN 

















1 







50 


ICW4 


NO 

















1 


1 




51 


ICW4 


NP 

















1 


1 




52 


0CW1 






M7 


M6 


M5 


M4 


M3 


M2 


Ml 


MO 


53 


0CW2 


E 











1 

















54 


0CW2 


SE 








1 


1 








L2 


L1 


LO 


55 


0CW2 


RE 





1 





1 

















56 


0CW2 


RSE 





1 


1 


1 








L2 


LI 


LO 


57 


0CW2 


R 





1 























58 


0CW2 


CR 





























59 


0CW2 


RS 





1 


1 











L2 


LI 


LO 


60 


0CW3 


P 

















1 


1 








61 


0CW3 


RIS 

















1 





1 


1 



Byte 1 Initialization 



No ICW4 Required 



Byte 1 Initialization 
ICW4 Required 



Format = 4, single, edge triggered 
Format = 4, single, level triggered 
Format = 4, not single, edge triggered 
Format = 4, not single, level triggered 
Format = 8, single, edge triggered 
Format = 8, single, level triggered 
Format » 8, not single, edge triggered 
Format = 8, not single, level triggered 

Format s 4, single, edge triggered 
Format » 4, single, level triggered 
Formats: 4, not single, edge triggered 
Formats 4, not single, level triggered 
Format = 8, single, edge triggered 

Format = 8, single, level triggered 
Format = 8, not single, edge triggered 
Format = 8, not single, level triggered 

Byte 2 initialization 

Byte 3 initialization — master 

Byte 3 initialization — slave 

No action, redundant 

Non-buffered mode, no AEOI, MCS-86 

Non-buffered mode, AEOI, MCS-80/8t 

Non-buffered mode, AEOI, MCS-86 

No action, redundant 

Non-buffered mode, no AEOI, MCS-86 

Non-biif^erdd mode, AEOI, MCS-80/85 

Non-buffered mode, AEOI, MCS-86 

Buffered mode, slave, no AEOI, MCS-80/85 

Buffered mode, slave, no AEOI, MCS-86 

Buffered mode, slave, AEOI, MCS-80/85 

Buffered mode, slave, AEOI, MCS-86 

Buffered mode, master, no AEOI, MCS-80/85 

Buffered mode, master, no AEOI, MCS-86 

Buffered mode, master, AEOI, MCS-80/85 

Buffered mode, master, AEOI, MCS-86 

Fully nested mode, MCS-80, non-buffered, no AEOI 

ICW4 NB through ICW4 ND are identical to 
ICW4 B through ICW4 D with the addition of 
Fully Nested Mode 

Fully Nested Mode, MCS-80/85, non-buffered, no AEOI 



ICW4 NF through ICW4 NP are identical to 
ICW4 F through ICW4 P v»rith the addition of 
Fully Nested Mode 



Load mask register, read mask register 

Non-specific EOl 

Specific EOl. L0-L2 code of IS FF to be reset 

Rotate at EOl Automatically (Mode A) 

Rotate at EOl (mode B). L0-L2 code of line 

Set Rotate A FF 

Clear Rotate A FF 

Rotate priority (mode B) independently of EOl 

Poll mode 

Read IS register 
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SUMMARY OF 8259A INSTRUCTION SET (Cont.) 
AO D7 D6 OS 04 03 02 01 00 Operation O«tcrtption 



62 


0CW3 RR 




















1 





Read request register 


63 


0CW3 SM 








1 


1 














Set special mask mode 


64 


0CW3 RSM 








1 

















Reset special mask mode 



Note: 1 . In ttie master mode SP pin = 1 , in slave mode SP = 



Cascading 

The 8259A can be easily interconnected in a system of 
one master with up to eight slaves to handle up to 64 
priority levels. 

A typical MCS-80/85 system is shown in Figure 2. The 
master controls, through the 3 line cascade bus, which 
one of the slaves will release the corresponding 
address. 

As shown in Figure 2, the slave interrupt outputs are 
connected to the master Interrupt request inputs. When 
a slave request line Is activated and afterwards acknowl- 
edged, the master will enable the corresponding slave 
to release the device routine address during bytes 2 and 3 
of INTA. (Byte 2 only for MCS-86). The IRO input should 



not be connected to a slave 8259A unless IR1-IR7 also 
have slaves attached. 

The cascade bus lines are normally low and will contain 
the s lave address code from the trailing edge of the first 
INTA pulse to the trailing edge of the third pulse. It is 
obvious that each 8259A in the system must follow a 
separate initialization sequence and can be pro- 
grammed to work in a different mode. An EOl command 
must be issued twice: once for the master and once for 
the corresponding slave. An address decoder is required 
to activate the Chip Select (CB) input of each 8259A. 

The cascade lines of the Master 8259A are activated for 
any Interrupt input, even if no slave Is connected to that 
Input. 



ADDRESS BUS (16) 



CONTROL BUS 




DATA BUS (8) 



7v 



7^ 



iz \z. 



7\ 



iz SZ 



CS Aq INT 

CASO 

® -5^^^ CAS 1 

SLAVE A ^'^^^ 

CAS 2 
SP/EN7 6 5 4 3 2 10 



n 



1 1 



7 6 5 4 3 2 10 



iz iz 



CS Aj, INT 

CASO 
8259A 
SLAVES ^'^^^ 

CAS 2 

SP/EN7 6 5 4 3 2 10 



7 6 5 4 3 2 10 



CS Aq 
CASO 



8259A 
MASTER 



CAS 2 

SP/ENIVI7 M6 MS M4 M3 IV12 Ml MO 



— _ _ _ ^ 



INTERRUPT REQUESTS 



Figure 2. Cascading the 8259A 
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PIN FUNCTIONS 



Name I/O Pin # 



Function 



Vcc 
GND 



28 
14 
I/O 11-4 



IRo 



I 18-25 



RD 



WR 



INTA 



26 



+ 5V supply. 
Ground. 

Bidirectional data bus, used for: 
a) programming the mode of the 
8259A (programming is done by 
software); b) the microprocessor 
can read the status of the 8259A; 
c) the 8259A will send vectoring 
data to the microprocessor when 
an interrupt is acknowledged. 
Interrupt Requests: These are 
asynchronous inputs. A positive- 
going edge will generate an in- 
terrupt request. Thus a request 
can be generated by raising the 
line and holding It high until 
acknowledged, or by a negative 
pulse, in level triggered mode, no 
edge is required. These lines are 
active HIGH. 

Read (generally from 8228 In 
MCS-80 system or from 8086 in 
MCS-86 system). 

Write (generally from 8228 in 
MCS-80 sytem or from 8086 in 
MCS-86 system). 

Interrupt Acknowledge (generally 
from 8228 in MCS-80 system, 
8086 in MCS-86 system). The 8228 
generates three distinct INTA 
pulses when a CALL is inserted, 
the 8 086 produces two distinct 
INTA pulses during an interrupt 
cycle. 



CS 



AO 



27 



INT 



17 



C0-C2 I/O 



12 
13 
16 



SP/lN I/O 16 



Chip Select: RD and WR are en- 
abled by Chip Select, whereas 
Interrupt Acknowledge is Inde- 
pendent of Chip Select. 

Usually the least significant bit of 
the microprocessor address out- 
put (A1 in MCS-86 system). When 
A0=1 the Interrupt Mask 
Register can be loaded or read. 
When AO = the 8259A mode can 
be programmed or Its status can 
be read. CS Is active LOW. 



Goes directly to the micro- 
processor interrrupt input. This 
output will have high Vqh to 
match the 8080 3.3V V,h. INT is 
active HIGH. 

Three cascade lines, outputs in 
master mode and inputs in slave 
mode. The master issues the 
binary code of the acknowledged 
interrupt level on these lines. 
Each slave compares this code 
with its own. 

SP/EN is a dual function pin. In 
the buffered mode SP/EN isused 
to enable bus transceivers (EN). In 
the non-buffered mode SP/OQ 
determines if this8259A is a mas- 
ter or a slave. If SP = 1 the 8259A 
is master; SP = indicates a slave. 



ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias - 40*0 to 85'C 

Storage Temperature - 65 •C to -i- ISO'C 

Voltage On Any Pin 

With Respect to Ground - 0.5V to -»- 7V 

Power Dissipation 1 Watt 

D.C. CHARACTERISTICS 

TA = 0Xto70°C, Vcc=5V±10% (8259-A), Vcc = 5V±10% (8259A) 



* COMMENT 

stresses above those listed under "Absolute Maximum Ratings" may 

cause permanent damage to the device. This is a stress rating only and 

functional operation of the device at these or any other conditions above 

those indicated in the operational sections of this specification is not 

implied. 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


V|L 


Input Low Voltage 


-.5 


V 






V,H 


Input High Voltage 


2.0 


Vcc+.SV 


V 




Vol 


Output Low Voltage 




.45 


V 


loL=2.2 mA 


Vqh 


Output High Voltage 


2.4 




V 


Ioh=-400mA 


VoH(INT) 


Interrupt Output High 
Voltage 


3.5 
2.4 




c 

V 


loH=-100/.A 
loH= ~400/4A 


III 


Input Load Current 




10 


^A 


V|N = VcctoOV 


koL 


Output Leakage Current 




-10 


mA 


VouT= 0.45V 


Ice 


Vcc Supply Current 




85 


mA 




'lir 


IR Input Load Current 




-300 
10 


mA 

^A 


V,N = 
V,N = Vcc 
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8259A A.C. CHARACTERISTICS 

Ta=0*C to 70*C Vcc = 5V±5% (8269A.8) Vcc = 6V± 10% (8259A) 
TIMING REQUIREMENTS 82S9A-8 



8259A 



Symbol 


P«ram«t«r 


MIn. 


Max. 


Min. 


Max. 


Units 


Test Conditions 


TAHRL 


AO/CS Setup to RD/INTA4 


50 









ns 




TRHAX 


AO/CS Hold after RD/INTAt 


5 









ns 




TRLRH 


RD Pulse Width 


420 




235 




ns 




TAHWL 


AO/CS Setup toWRi 


50 









ns 




TWHAX 


AO/CS Hold after WRt 


20 









ns 




TWLWH 


WR Pulse Width 


400 




290 




ns 




TDVWH 


Data Setup to W^t 


300 




240 




ns 




TWHDX 


Data Hold after WRt 


40 









ns 




TJLJH 


Interrupt Request Width (Low) 


100 




100 




ns 


See Note 1 


TCVIAL 


Cascade Setup to Second or Third 
INTA4 (Slave Only) 


55 




56 




ns 




TRHRL 


End of RD to Next Command 


300 




160 




ns 




TWHRL 


End of WR to Next Command 


370 




190 




ns 





Not*: 1. This is the low time required to clear the input latch in the edge triggered mode. 



TIMING RESPONSES 



8259A-8 



8259A 



Symbol 


Parameter 


MIn. 


Max. 


MIn. 


Max. 


Units 


Test Conditions 


TRLDV 


Data Valid from RD/INTAi 




300 




200 


ns 


C of Data Bus 


TRHDZ 


Data Float after RD/INTAt 


10 


200 




100 


ns 


Max. test C = 100 pF 


TJHIH 


Interrupt Output Delay 




400 




350 


ns 


Min. test C=15pF 


TIALCV 


Cascade Valid from First INTAI 
(Master Only) 




565 




565 


ns 


C,^T=100PF 

Cenable = 15pF 


TRLEL 


Enable Active from RDA or INTAi 




160 




125 


ns 




TRHEH 


Enable Inactive from RDt or INTAt 




325 




150 


ns 




TAHDV 


Data Valid from Stable Address 




350 




200 


ns 




TCVDV 


Cascade Valid to Valid Data 




300 




300 


ns 





CAPACITANCE 

Ta = 25'C; Vcc=GND = OV 



Symbol 


Parameter 


MIn. 


Typ. 


Max. 


Unit 


Test Conditions 


C|N 


Input Capacitance 






10 


pF 


fc=1 MHz 


0|/o 


I/O Capacitance 






20 


pF 


Unmeasured pins returned to Vss 



Input and Output Waveforms for A.C. Tests 




0.45 
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WRITE MODE 



ADDRESS BUS 

A« 



DATA BUS 

READ/INTA MODE 

RD/INTA 



en- 



es- 



ADDRESS BUS 



OTHER TIMING 

RD/fWTA 



W?i- 



INTA SEQUENCE 

IR 



\ 



X 



/ 



X 



K 



K 



^. 



>: 



/ 



\ 



■* TAHDV- 



r 



K 






y 



\ ^ 



^VJ 



INT- 
JNTA- 



/ 



^ 



\cy-M 

— ► T 

/ 



A 



y-\<zy- 

-TCVIAL 



IK>T( in)*rrupl oulpwl mu«! rwnain HIGH (at lew 
9 titCS tOTK SyMani* only 
(D CycM t In MCS M Sy*l*m« tha Daia But >• nc 
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Intel 



8355V8355-2** 
16,384-BIT ROM WITH I/O 

^Directly Compatible with 8085A CPU 
**Directly Compatible with 8085A-2 



■ 2048 Words x 8 Bits 

■ Single + 5V Power Supply 

■ Internal Address Latch 

■ 2 General Purpose 8-Bit I/O Ports 



■ Each I/O Port Line Individually 
Programmable as Input or Output 

■ Multiplexed Address and Data Bus 

■ 40-Pin DIP 



The Intel® 8355 is a ROM and I/O chip to be used in the MCS-85^" microcomputer system. The ROM portion is organized as 
2048 words by 8 bits. It has a maximum access time of 400 ns to permit use with no wait states in the 8085A CPU. 

The I/O portion consists of 2 general purpose I/O ports. Each I/O port has 8 port lines, and each I/O port line is indivdu- 
ally programmable as input or output. 

The 8355-2 has a 300ns access time for compatibility with the 8085A-2 microprocessor. 



PIN CONFIGURATION 



BLOCK DIAGRAM 



CEiC 


1 ^ 


40 


:]vcc 


CE2C 


2 


39 


:]PB, 


clkC 


3 


38 


DPB3 


RESET C 


4 


37 


3PB, 


N.C. (NOT CONNECTED) C 


5 


38 


DPB, 


READY L 


6 


35 


DPB3 


io/mC 


7 


34 


DPB, 


iorC 


8 


33 


Dpb, 


rdC 
iowC 


® 8355/8355-2 ^^ 
10 31 


UpBq 
Dpa, 


aleC 


11 


30 


>A, 


ADoC 


12 


29 


3PAb 


aDiC 


13 


28 


:pa. 


AD2C 


14 


27 


UPA3 


AD3C 


15 


26 


>A, 


AD^C 


16 


25 


>A, 


AD5C 


17 


24 


>Ao 


ADgE 


18 


23 


:]Aio 


AD7C 


19 


22 


Da, 


VssC 


20 


21 


3 A3 



CE2- 

CE_i- 
lO/M- 
ALE- 
RD- 
lOW- 
RESET- 
iOR- 



8-10 ? y 



2KX8 

ROM 



<^_^PAo^ 

ylfORTB. 




m 



Vcc <+5V) 
Vcc (OV) 
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Symbol 

ALE 

(Input) 



ADo-7 
(Input) 




A8-10 

(Input) 

CE2 

(Input) 



lO/M 
(input) 



RD 

(Input) 



low 

(Input) 



Function 

When ALE (Address Latch Enable is 
high, ADo-7, lO/M, As-io, CE, and CE 
enter address latched. The signals 
(AD, lO/M, As-io. CE, CE) are latched 
in at the trailing edge of ALE. 

Bidirectional Address/Data bus. The 
lower 8-bits of the ROM or I/O address 
are applied to the bus lines when ALE 
is high. 

During an I/O cycle, Port A or B are 
selected bas ed o n the latched value of 
ADo. if RD or lOR is low when the latched 
chip enables are active, the output 
buffers present data on the bus. 

These are the high order bits of the ROM 
address. They do not affect I/O oper- 
ations. 

Chip Enable inputs: CEi is active low 
and CE2 is active high . The 8355 can be 
accessed only when BOTH Chip En- 
ables are active at the time the ALE 
signal latches them up. If either Chip 
Enable input is not active, the AD0-7 
and READY outputs will be in a high 
impedance state. 

If the latched lO/M is high when RD is 
low, the output data comes from an 
I/O port. If it is low the output data 
comes from the ROM. 

If the latched Chip Enables are active 
when RD goes low, the AD0-7 output 
buffers are enabled and output either 
the selected ROM lo catio n or I/O port. 
When both RD and TOR are high, the 
ADo-7 output buffers are 3-state. 
if the latc hed Chip Enables are active, 
a low on lOW causes the output port 
pointed to by the latched value of ADo 
to be written with the data on AD0-7. 
The state of lO/M is ignored. 



Symbol 

CLK 
(input) 



READY 
(Output) 



PAo-7 

(input/ 

Output) 



PBo-7 

(input/ 

Output) 

RESET 
(input) 

lOR 

(input) 



Vcc 
Vss 



Function 

The CLK is used to force the READY 
into its high impedance state after it 
has been forced low by CE low, CE 
high and ALE high. 

Rea dy is a 3-state output controlled by 
CEi, CE2, ALE and CLK. READY is 
forced low when the Chip Enables are 
active during the time ALE is high, and 
remains low until the rising edge of the 
next CLK (see Figure 6). 

These are general purpose I/O pins. 
Their input/output direction is deter- 
mined by the contents of Data Direction 
Register (DDR). Port A is selected for 
write operations when the Chip Enables 
are active and lOW is low and a was 
previously latched from ADo. 

Rea d operation is selected by either 
lOR low and ac^ve Chip_Enables and 
ADo low, or iO/M high, RD low, active 
chip enables, and ADo iow. 

This general purpose i/0 port is 
identical to Port A except that it is 
selected by a 1 latched from ADo. 

An input high on RESET causes all pins 
in Port A and B to assume input mode. 

Wh en t he Chip Enables are active, a low 
on lOR will outpu t the selected i/0 port 
onto the AD bus. lOR low performs tlie 
same function as the co mbin ation IO/M 
high and RD low. When lOR is not used 
in a system, iOR should be tied to Vcc 
("1"). 

+5 volt supply. 

Ground Reference. 
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ABSOLUTE MAXIMUM RATINGS* 



Temperature Under Bias 0°Cto+70°C 

Storage Temperature -65°Cto+150°C 

Voltage on Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1.5W 



*COMMENT: Stresses above those listed under "'Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (Ta 


= 0°C to 70°C; Vcc = 5V ± 5%) 






SYMBOL 


PARAMETER 


MiN. 


MAX. 


UNiTS 


TEST CONDITIONS 


V|L 


Input Low Voltage 


-0.5 


0.8 


V 


Vcc = 5.0V 


V|H 


Input High Voltage 


2.0 


Vcc+0.5 


V 


Vcc = 5.0V 


Vol 


Output Low Voltage 




0.45 


V 


loL = 2mA 


VOH 


Output High Voltage 


2.4 




V 


bH = -400mA 


l|L 


Input Leakage 




10 


ma 


V|N = Vcc to OV 


Ilo 


Output Leakage Current 




±10 


ma 


0.45V <VouT <Vcc 


•cc 


Vcc Supply Current 




180 


mA 





A.C. CHARACTERISTICS (Ta = o°c to 70°C; Vcc = 5V ± 5%) 





Parameter 


8355 


(Preliminary) 




Symbol 


Min. 


Max. 


Min. 


Max. 


Units 


tCYC 


Clock Cycle Time 


320 




320 




ns 


Ti 


CLK Pulse Width 


80 




80 




ns 


T2 


CLK Pulse Width 


120 




120 




ns 


tf.tr 


CLK Rise and Fall Time 




30 




30 


ns 


tAL 


Address to Latch Set Up Time 


50 




30 




ns 


tLA 


Address Hold Time after Latch 


80 




30 




ns 


tLC 


Latch to READ/WRITE Control 


100 




40 




ns 


tRD 


Valid Data Out Delay from READ Control 




170 




140 


ns 


tAD 


Address Stable to Data Out Valid 




400 




330 


ns 


tLL 


Latch Enable Width 


100 




70 




ns 


tRDF 


Data Bus Float after READ 





100 





85 


ns 


tCL 


READ/WRITE Control to Latch Enable 


20 




10 




ns 


tec 


READ/WRITE Control Width ^ 


250 




200 




ns 


tow 


Data In to Write Set Up Time 


150 




150 




ns 


tWD 


Data In Hold Time After WRITE 


10 




10 




ns 


tWP 


WRITE to Port Output 




400 




400 


ns 


tPR 


Port Input Set Up Time 


50 




50 




ns 


tRP 


Port Input Hold Time 


50 




50 




ns 


tRYH 


READY HOLD Time 





160 





160 


ns 


tARY 


ADDRESS (CE) to READY 




160 




160 


ns 


tRV 


Recovery Time Between Controls 


300 




200 




ns 


tRDE 


READ Control to Data Bus Enable 


10 




10 




ns 



Note: Cload = 150pF 
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Figure 1. Clock Specification for 8355 
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Figure 2. ROM Read and i/0 Read and Write 
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8355/8955-2 



a. Input Mode 
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*DATA BUS TIMING IS SHOWN IN FIGURE 4. 



Figure 3. I/O Port Timing 
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Figure 4. Wait State Timing (READY = 0) 
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8755A 
16,384.BIT EPROM WITH I/O 

t Directly Compatible with 8085A CPU 



■ 2048 Words x 8 Bits 

■ Single + 5V Power Supply (Vcc) 

■ U.V. Erasable and Electrically 
Reprogrammable 

■ Internal Address Latch 



■ 2 General Purpose 8-Bit I/O Ports 

■ Each I/O Port Line Individually 
Programmable as Input or Output 

■ IVIultipiexed Address and Data Bus 

■ 40-Pin DIP 



The Intel® 8755A is an erasable and electrically reprogrammable ROM (EPROM) and I/O chip to be used In the MCS-SS^" 
microcomputer system. The EPROM portion is organized as 2048 words by 8 bits. It has a maximum access time of 450 ns 
to permit use with no wait states in an 8085A CPU. 

The I/O portion consists of 2 general purpose I/O ports. Each I/O port has 8 port lines, and each I/O port line is individu- 
ally programmable as input or output. 



PIN CONFIGURATION 



BLOCK DIAGRAM 
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3PB2 


ioRC 


8 


33 


3PB1 


rdC 


9 


32 


DPBo 


iowC 


10 8755 A 31 


3 PA, 


ALEC 


11 


30 


DPAe 


ADoC 
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27 
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15 


26 


UPA^ 
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8755A FUNCTIONAL PIN DEFINITION 



Symbol 

ALE 
(input) 



ADo-7 
(input/output) 



A8-10 

(input) 

PROG/CE^ 

CE2 

(input) 



lO/M 
(input) 



RD 
(input) 



low 

(input) 



CLK 
(input) 



Function 

When Address Latcii Enable goes 
high, ADo-7, lO/M, Ae-io, CE2, and 
CEi enter the address latches. The 
signals (AD, lO/M, As-io, CE) are 
latched in at the trailing edge of ALE. 

Bidirectional Address/Data bus. The 
lower 8-bits of the PROM or I/O 
address are applied to the bus lines 
when ALE is high. 

During an I/O cycle. Port A or B are 
selected based on th e latched value of 
ADo. If RD or lOR is low when the 
latched Chip Enables are active, the 
output buffers present data on the 
bus. 

These are the high order bits of the 
PROM address. They do not affect 
I/O operations. 

Chip Enable Inputs: CEi is active low 
and CE2 Is active high. The 8755A 
can be accessed only when BOTH 
Chip Enables are active at the time 
the ALE signal latches them up. If 
either Chip Enable input is not active, 
the ADo-7 and READY outputs will 
be in a high impedance state. CEi is 
also used as a programming pin. (See 
section on programming.) 

If the latched lO/M is high when RD 
is low, the output data comes from 
an I/O port. If it is low the output data 
comes from the PROM. 

If the latched Chip Enables are active 
when RD goes low, the ADo-7 output 
buffers are enabled and output either 
the selected PROM location or I/O 
port. When both RDand lORare high, 
the ADo-7 output buffers are 3-stated . 

If the latc hed C hip Enables are active, 
a low on low causes the output port 
pointed to by the latched value of 
ADo to be written with_the data on 
ADo-7. The state of lO/M is ignored. 

The CLK is used to force the READY 
into its high impedance state after it 
has been forced low by CEi low, CE2 
high, and ALE high. 



Symbol 

READY 
(output) 



PAo-7 
(input/output) 



PBo-7 
(input/output) 



RESET 
(input) 



lOR 
(input) 



Vcc 
Vss 
Vdd 



Function 

READY is a 3-state output controlled 
by CE2, CEi, ALE and CLK. READY 
is forced low when the Chip Enables 
are active during the time ALE is high, 
and remains low until the rising edge 
of the next CLK. (See Figure 6.) 

These are general purpose I/O pins. 
Their input/output direction is deter- 
mined by the contents of Data Direc- 
tion Register (DDR). Port A is selected 
for write operations wh en th e Chip 
Enables are active and lOW is low 
and a was previously latched from 
ADo, ADi. 

Read operation is selected by either 
lOR low and active Chip Enables and 
ADo and ADi low, or lO/M high, RD 
low, active Chip Enables, and ADo 
and ADi low. 

This general purpose I/O port is 
identical to Port A except that it is 
selected by a 1 latched from ADo and 
a from ADi. 

In normal operation, an input high on 
RESET causes all pins in Ports A and 
B to assume input mode (clear DDR 
register). 

When the Chip Enables are active, a 
low on lOR will output the selected 
I/O port onto the AD bus. lOR low 
performs the same Junction as the 
combinati on o f lO/M high and RD 
low. When lOR is not used in a system, 
lOR should be tied to Vcc ("1"). 
+5 volt supply. 
Ground Reference. 

Vdd is a programming voltage, and 
must be tied to +5V when the 8755A 
is being read. 

For programming, a high voltage is 
supplied with Vdd = 25V, typical. (See 
section on programming.) 
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ERASURE CHARACTERISTICS 

The erasure characteristics of the 8755A are such that 
erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and certain types of 
fluorescent lamps have wavelengths in the 3000-4000A 
range. Data show that constant exposure to room level 
fluorescent lighting could erase the typical 8755A in 
approximately 3 years while it would take approximately 1 
week to cause erasure when exposed to direct sunlight. 
If the 8755A is to be exposed to these types of lighting 
conditions for extended periods of time, opaque labels 
are available from Intel which should be placed over the 
8755 window to prevent unintentional erasure. 

The recommended erasure procedure for the 8755A is 
exposure to shortwave ultraviolet light which has a wave- 
length of 2537 Angstroms (A). The integrated dose (i.e., 
UV intensity X exposure time) for erasure should be a 
minimum of 15W-sec/cm2. The erasure time with this 
dosage is approximately 15 to 20 minutes using an ultra- 
violet lamp with a 1 2000^1 W/cm2 power rating. The 
8755A should be placed within one inch from the lamp 
tubes during erasure. Some lamps have a filter on their 
tubes and this filter should be removed before erasure. 

PROGRAMMING 

Initially, and after each erasure, all bits of the EPROM 
portions of the 8755A are in the "1" state. Information is 
introduced by selectively programming "0" into the 
desired bit locations. A programmed "0" can only be 
changed to a "1" by UV erasure. 

The 8755A can be programmed on the Intel® Universal 
PROM Programmer (UPP), and the PROMPr" 80/85 and 
PROMPT-48^** design aids. The appropriate programming 
modules and adapters for use in programming both 
8755A's and 8755's are shown in Table 1. 

The program mode itself consists of programming a 
single address at a time, giving a single 50 msec pulse 
for every address. Generally, it is desirable to have a 
verify cycle after a program cycle for the same address 
as shown in the attached timing diagram. In the verify 
cycle (i.e., normal memory read cycle) 'Vdd' should 
be at +5V. 

Preliminary timing diagrams and parameter values per- 
taining to the 8755A programming operation are con- 
tained in Figure 6. 

TABLE 1. 8755A PROGRAMMING MODULE CROSS 
REFERENCE 





MODULE NAME 


USE WITH 




UPP 955 
UPP UP2(2) 
PROMPT 975 
PROMPT 475 




UPP(4) 
UPP 855 

PROMPT 80/85(3) 
PROMPT 48(1) 




NOTES: 






1. 

2. 
3. 
4. 


Described on p. 11-9 of 1978 System Data Catalog. 
Special adaptor socket. 

Described on p. 11-3 of 1978 System Data Catalog. 
Described on p. 10-85 of 1978 System Data Catalog. 



SYSTEM APPLICATIONS 
System Interface with 8085A 

A system using the 8755A can use either one of the two I/O 
Interface techniques: 

• Standard I/O 

• Memory Mapped I/O 

If a standard I/O technique is used, the system can use the 
feature of both CE2 and CEi. By using a combination of 
unused address lines An -15 and the Chip Enable inputs, the 
8085 A system can use up to 5 each 8755A's without requiring 
a CE decoder. 

If a memory mapped I/O approach is used the 8755A will be 
selected by the combination of both the Chip Enables and 
lO/M using the ADs-is address lines. See Figure 1. 
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*NOTE: Optional connection. 



Figure 1. 8755A in 8085A System (l\/lemory-l\/lapped I/O) 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias -10°C to +70°C 

Storage Temperature -65°Cto+150°C 

Voltage on Any Pin 

With Respect to Ground -0.5 to +7V* 

Power Dissipation , 1.5W 

*Except for programming voltage. 



'COMMENT 

Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This Is a stress ratmg only and functional 
operation of the device at these or any other conditions above those 
indicated in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods 
may affect device reliability. 



D.C. CHARACTERISTICS (Ta = o°c to 70°C; Vcc = 5V ± 5%) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


TEST CONDITIONS 


V|L 


Input Low Voltage 


-0.5 


0.8 


V 




V|H 


Input High Voltage 


2.0 


Vcc +0.5 


V 




Vol 


Output Low Voltage 




0.45 


V 


loL = 2mA 


VOH 


Output High Voltage 


2.4 




V 


loH = -400juA r 


l|L 


Input Leakage 




10 


MA 


V|N = Vcc to OV 


Ilo 


Output Leakage Current 




±10 


ma 


0.45V <VouT <Vcc 


'cc 


Vcc Supply Current 




180 


mA 





A.C. CHARACTERISTICS (Ta = o°c to 70°C; Vcc = 5V ± 5%) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


TEST Conditions 


tCYC 


Clock Cycle Time 


320 




ns 




Tl 


CLK Pulse Width 


80 




ns 


Cload = 150 pF 


T2 


CLK Pulse Width 


120 




ns 


(See Figure 3) 


tf,tr 


CLK Rise and Fall Time 




30 


ns 




tAL 


Address to Latch Set Up Time 


50 




ns 




tLA 


Address Hold Time after Latch 


80 




ns 




tLC 


Latch to READ/WRITE Control 


100 




ns 




tRD 


Valid Data Out Delay from READ Control 




170 


ns 




Ud 


Address Stable to Data Out Valid 




450 


ns 


150pF Load 


tLL 


Latch Enable Width 


100 




ns 




tRDF 


Data Bus Float after READ 





100 


ns 




tCL 


READ/Vi/RITE Control to Latch Enable 


20 




ns 




tec 


READ/WRITE Control Width 


250 




ns 




tow 


Data In to WRITE Set Up Time 


150 




ns 




tWD 


Data In Hold Time After WRITE 


30 




ns 




twp 


WR ITE to Port Output 




400 


ns 




tpR 


Port Input Set Up Time 


50 




ns 




tRP 


Port Input Hold Time 


50 




ns 




tRYH 


READY HOLD TIME 





160 


ns 




tARY 


ADDRESS (CE) to READY 




160 


ns 




tRV 


Recovery Time between Controls 


300 




ns 




tRDE 


Data Out Delay from READ Control 


10 




ns 




tLD 


ALE to Data Out Valid 




350 


ns 


Preliminary 



9-135 



8755A 



WAVEFORMS 




Figure 2. Clock Specification for 875SA 
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Figure 3. PROM RBad, I/O Read and Write Timing 
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A. INPUT MODE 
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•DATA BUS TIMING IS SHOWN IN FIGURE 4. 



Figure 4. I/O Port Timing 
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Figure 5. Wait State Timing (READY = 0) 
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D.C. SPECIFICATION PROGRAMMING 

(Ta = 0°C to 70° C; Vcc = 5V ± 5%; Vss = OV) 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Vdd 


Programming Voltage (during Write 
to EPROM) 


24 


25 


26 


V 


Idd 


Prog Supply Current 




15 


30 


mA 



A.C. SPECIFICATION FOR PROGRAMMING 

(Ta = 0°C to 70° C; Vcc = 5V ± 5%; Vss = OV) 



Symbol 


Parameter 


MIn. 


Typ. 


Max. 


Unit 


tPS 


Data Setup Time 


10 






ns 


tPD 


Data Hold Time 









ns 


ts 


Prog Pulse Setup Time 


2 






MS 


tH 


Prog Pulse Hold Time 


2 






MS 


tpR 


Prog Pulse Rise Time 


0.01 


2 




MS 


tPF 


Prog Pulse Fall Time 


0.01 


2 




MS 


tPRG 


Prog Pulse Width 


45 


50 




msec 
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WAVEFORMS 



- PROGRAM CYCLE - 



-VERIFY CYCLE* 



• PROGRAM CYCLE 
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/^ 



'ZXEEXDI! 



'^dX 



■■IX 



Vdd 



vO ( ~' X 



-A X 



^m: 



vy" 



*VERIFY CYCLE IS A REGULAR MEMORY READ CYCLE (WITH Vqd = +5V FOR 8755A) 



Figure 6. 8755A Program Mode Timing Diagram 
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MCS-86™ 
Microprocessor 10 



MCS-86 MICROPROCESSOR 
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8288 Bus Controller for the 8086 CPU 10-37 
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THE MCS-86 MICROPROCESSOR 
FAMILY 

INTRODUCTION 

The Intel® 8086, a new microcomputer, extends the mid- 
range 8080 family into the 16-bit arena. The chip has at- 
tributes of both 8- and 16-bit processors. By executing 
the full set of 8080A/8085 8-bit instructions plus a 
powerful new set of 16-bit instructions, it enables a sys- 
tem designer familiar with existing 8080 devices to 
boost performance by a factor of as much as 10 while 
using essentially the same 8080 software package and 
development tools. 

The goals of the 8086 architectural design were to ex- 
tend existing 8080 features symmetrically, across the 
board, and to add processing capabilities not to be 
found in the 8080. The added features include 16-bit 
arithmetic, signed 8- and 16-bit arithmetic (including 
multiply and divide), efficient interruptible byte-string 



operations, and improved bit manipulation. Signifi- 
cantly, they also include mechanisms for such mini- 
computer-type operations as reentrant code, position- 
independent code, and dynamically relocatable pro- 
grams. In addition, the processor may directly address 
up to 1 megabyte of memory and has been designed to 
support multiple-processor configurations. 

Support for the 8086 is provided by offering a complete 
line of bipolar components: clock generator, octal 
latches, octal transceivers, and a bus controller. Exist- 
ing 8-bit peripherals and memories can be used to build 
your complete system. A configuration option in the 
8086 allows a complete 16-bit system to be built with as 
little as 11 components (including memory and I/O). 

FURTHER INFORMATION 

For more detailed information on the MCS-86 microcom- 
puter family please consult the following Intel publica- 
tion: MCS-86 User's Manual (order number 9800722A). 



RECOMMENDED PRODUCTS FOR MCS-86 MICROCOMPUTER APPLICATIONS 



Function 


Part 
No. 


Page No. 


Description 


RAMs (Static) 


2114 
2141 
2142 
2148 


3-54 
3-89 
3-95 
3-106 


1Kx4 
4Kx1 
1Kx4 
1Kx4 Highspeed 


RAMs (Dynamic) 


2117 
2118 


3-64 
3-88 


16Kx1 
16Kx1 


RAM Support 


8202 


11-14 


Dynamic RAM Controller 


ROMs 


2316E 


4-12 


2Kx8 


EPROMs 


2716 
2732 


4-23 
4-28 


2Kx8 
4Kx8 


Microprocessor Support 


8205 

8257-5 

8259A 

B282 

8283 

8284 

8286 

8287 

8288 


9-29 
9-92 
9-109 
10-23 
10-23 
10-27 
10-33 
10-33 
10-37 


1-of-8 Decoder 

DMA Controller 

Interrupt Controller 

8-Blt Non-Inverting Latch 

8-Bit Inverting Latch 

Clock Generator 

8-Bit Non-Inverting Transceiver 

8-Bit Inverting Transceiver 

Bus Controller 


Peripherals 


8251 A 

8253-5 

8255A-5 

8271 

8273 

8275 

8278 

8279-5 

8291 

8292 

8294 

8295 

8041/8741 


11-24 

11-32 

11-43 

11-64 

11-93 

11-118 

11-142 

11-152 

11-164 

11-188 

11-190 

11-201 

11-3 


USART 

Counter/Timer 

Programmable Peripheral Interface 

Floppy Disk Controller 

Communications Controller 

CRT Controller 

Keyboard/Display Controller 

Keyboard/Display Controller 

GPIB Talker/Listener 

GPIB Controller 

Data Encrypter 

Dot Matrix Printer Controller 

Universal Peripheral Interface 



■ 



10-3 



iniei 



8086/8086-4 
16-BIT HMOS MICROPROCESSOR 



■ Direct Addressing Capability to 1 
IMByte of IVIemory 

■ Assembly Language Compatible with 
8080/8085 



■ Bit, Byte, Word, and Block Operations 

■ 8-and 16-Bit Signed and Unsigned 
Arithmetic in Binary or Decimal 
Including Multiply and Divide 



■ 14 Word, By 18-Bit Register Set with 
Symmetrical Operations 

■ 24 Operand Addressing Modes 



■ 5 MHz Clock Rate (4 MHz for 8086-4) 

■ MULTIBUS^*^ System Compatible 
Interface 



The Intel® 8086 is a new generation, high performance microprocessor implemented in N-channel, depletion load, 
silicon gate technology (HMOS), and packaged in a 40-pin CerDIP package. The processor has attributes of both 8- and 
16-blt microprocessors. It addresses memory as a sequence of 8-bit bytes, but has a 16-bit wide physical path to mem- 
ory for high performance. 
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Figure 1. 8086 CPU Functional Blocic Diagram 



Figure 2. 8086 Pin Diagram 
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FUNCTIONAL DESCRIPTION 

GENERAL OPERATION 

The Internal functions of the 8086 processor are parti- 
tioned logically Into two processing units. The first Is 
the Bus Interface Unit (BlU) and the second Is the Exe- 
cution Unit (EU) as shown in the block diagram of Figure 
1. 

These units can Interact directly but for the most part 
perform as separate asynchronous operational proces- 
sors. The bus Interface unit provides the functions 
related to Instruction fetching and queuing, operand 
fetch and store, and address relocation. This unit also 
provides the basic bus control. The overlap of instruc- 
tion pre-fetching provided by this unit serves to increase 
processor performance through improved bus band- 
width utilization. Up to 6 bytes of the instruction stream 
can be queued while waiting for decoding and execu- 
tion. 

The instruction stream queuing mechanism allows the 
BlU to keep the memory utilized very efficiently. When- 
ever there Is space for at least 2 bytes in the queue, the 
BlU will attempt a word fetch memory cycle. This greatly 
reduces "dead time" on the memory bus. The queue 
acts as a First-ln-Flrst-Out (FIFO) buffer, from which the 
EU extracts instruction bytes as required. If the queue is 
empty (following a branch instruction, for example), the 
first byte Into the queue immediately becomes available 
to the EU. 

The execution unit receives pre-fetched instructions 
from the BlU queue and provides un-relocated operand 
addresses to the BlU. Memory operands are passed 
through the BlU for processing by the EU, which passes 
results to the BlU for storage. See the Instruction Set 
description for further register set and architectural 
descriptions. 

MEMORY ORGANIZATION 

The processor provides a 20-blt address to memory 
which locates the byte being referenced. The memory is 
logically organized as a linear array of 1 million bytes, 
addressed as 00000(H) to FFFFF(H). The memory can be 
further logically divided into code, data, alternate data, 
and stack segments of up to 64K bytes each, with each 
segment falling on 16-byte boundaries. (See Figure 3a.) 

Word (16-bit) operands can be located on even or odd 
address boundaries and are thus not constrained to 
even boundaries as is the case in many 16-bit com- 
puters. For address and data operands, the least signifi- 
cant byte of the word is stored In the lower valued 
address location and the most significant byte in the 
next higher address location. The BlU automatically per- 
forms the proper number of memory accesses, one If 
the word operand Is on an even byte boundary and two if 
It Is on an odd byte boundary. Except for the perfor- 
mance penalty, this double access Is transparent to the 
software. This performance penalty does not occur for 
Instruction fetches, only word operands. 

Physically, the memory is organized as a high bank 
(Dis-Da) and a low bank (D7-D0) of 512K 8-blt bytes 
addressed In parallel by the processor's address lines 



A19-A1. Byte data with even addressi^s is transferred 
on the D7-D0 bus lines while odd addresyd'ii|% data 
(Ao HIGH) Is transferred on the Pis-'Dq .bus . Iifiie$/jjr.fee ^^ 
processor provides two enable signals, BHEjatn^ A(|v|§| , 
selectively allow reading from or writing Into eUhef„an^# 
odd byte location, even byte location, or both, 'jhe v 
instruction stream is fetched from memory as words 
and Is addressed internally by the processor to the byte 
level as necessary. 
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Figure 3a. Memory Organization 



In referencing word data the BlU requires one or two 
memory cycles depending on whether or not the start- 
ing byte of the word is on an even or odd address, 
respectively. Consequently, in referencing word oper- 
ands performance can be optimized by locating data on 
even address boundaries. This Is an especially useful 
technique for using the stack, since odd address refer- 
ences to the stack may adversely affect the context 
switching time for Interrupt processing or task multi- 
plexing. 

Certain locations in memory are reserved for specific 
CPU operations (see Figure 3b.) Locations from address 
FFFFOH through FFFFFH are reserved for operations 
Including a jump to the initial program loading routine. 
Following RESET, the CPU will always begin execution 
at location FFFFOH where the jump must be. Locations 
OOOOOH through 003FFH are reserved for interrupt 
operations. Each of the 256 possible interrupt types has 
Its service routine pointed to by a 4-byte pointer element 
consisting of a 16-bit segment address and a 16-bit off- 
set address. The pointer elements are assumed to have 
been stored at the respective places In reserved memory 
prior to occurrence of interrupts. 
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FOR TYPE 255 



INTERRUPT POINTER 
FOR TYPE 1 



INTERRUPT POINTER 
FOR TYPE 



Figure 3b. Reserved Memory Locations 



MINIMUM AND MAXIMUM MODES 

The requirements for supporting minimum m^ max- 
imum 8086 systems are sufficiently different that they 
cannot be done efficiently with 40 uniquely defined: 
pins. Consequently, the 8086 is equipped with a strap 
pin (MN/MX) which defines the system configuration. 
The definition of a certain subset of the pins changes 
dependent on the condition of the strap pin. When 
MN/MX pin Is strapped to GND, the 8086 treats pins 24 
through 31 in maximum mode. An 8288j3us controller 
Interprets status Information coded into 80,81,82 to gen- 
erate bus timing and control signals compatible with 
the MULTIBUS™. When the MN/MX pin is strapped to 
Vcc» the 8086 generates bus control signals Itself on 
pins 24 through 31, as shown In parentheses in Figure 2. 
Examples of minimum mode and maximum mode 
systems are shown in Figure 4. 
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Figure 4a. IVIinimum IVIode 8086 Typical System Configuration 
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Figure 4b. Maximum Mode 8086 Typical System Configuration 



BUS OPERATION 

The 8086 has a combined address and data bus com- 
monly referred to as a time multiplexed bus. This tech- 
nique provides the most efficient use of pins on the 
processor while permitting the use of a standard 40-lead 
package. This "local bus" can be buffered directly and 
used throughout the system with address latching pro- 
vided on memory and I/O modules. In addition, the bus 
can also be demultiplexed at the processor with a single 
set of address latches if a standard non-multiplexed bus 
is desired for the system. 

Each processor bus cycle consists of at least four CLK 
cycles. These are referred to as Ti, T2, T3 and T4 (see 
Figure 5). The address is emitted from the processor 
during T-i and data transfer occurs on the bus during T3 
and T4. T2 is used primarily for changing the direction of 
the bus during read operations. In the event that a "NOT 
READY" indication is given by the addressed device, 
"Wait" states (Tw) are inserted between T3 and T4. Each 
inserted "Wait" state Is of the same duration as a CLK 
cycle. Periods can occur between 8086 driven bus 
cycles. These are referred to as "Idle" states (T|) or inac- 
tive CLK cycles. The processor uses these cycles for 
Internal housekeeping. 

During Ti of any bus cycle the ALE (Address Latch 
Enable) signal is emitted (by either the processor or the 
8288 bus controller, depending on the IVIN/MX strap). At 
the trailing edge of this pulse, a valid address and cer- 
tain status information for the cycle may be latched. 



Status bits Sq, Si, and 82 are used, in maximum mode, 
by the bus controller to identify the type of bus transac- 
tion according to the following table: 



S2 


Si 


So 




(LOW) 








Interrupt Acknowledge 








1 


Read I/O 





1 





Write I/O 





1 


1 


Halt 


1 (HIGH) 








Instruction Fetch 


1 





1 


Read Data from Memory 


1 


1 





Write Data to Memory 


1 


1 


1 


Passive (no bus cycle) 




Status bits S3 through S 7 are multiplexed with high- 
order address bits and the BHE signal, and are therefore 
valid during T2 through T4. S3 and S4 indicate which 
segment register (see Instruction Set description) was 
used for this bus cycle in forming the address, accord- 
ing to the following table: 



(LOW) 

1 

1 (HIGH) 
1 1 



Alternate Data (extra segment) 

Stack 

Code or None 

Data 



S5 is a reflection of the PSW interrupt enable bit. 85 = 
and S7 is a spare status bit. 
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Figure 5. Basic System Timing 



I/O ADDRESSING 

In the 8086, I/O operations can address up to a max- 
imum of 64K I/O byte registers or 32K I/O word registers. 
The I/O address appears in the same format as the 
memory address on bus lines A15-A0. The address lines 
A19-A-16 are zero in I/O operations. The variable I/O in- 
structions which use register DX as a pointer have full 
address capability while the direct I/O instructions 
directly address one or two of the 256 I/O byte locations 
in page of the I/O address space. 

I/O ports are addressed in the same manner as memory 
locations. Even addressed bytes are transferred on the 



D7-D0 bus lines and odd addressed bytes on D15-D8. 
Care must be taken to assure that each register within 
an 8-bit peripheral located on the lower portion of the 
bus be addressed as even. 



EXTERNAL INTERFACE 



PROCESSOR RESET AND INmALIZATION 

Processor initialization or start up is accomplished with 
activation (HIGH) of the RESET pin. The 8086 RESET is 
required to be HIGH for greater than 4 CLK cycles. The 
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8086 will terminate operations on the high-going edge of 
RESET and will remain dormant as long as RESET is 
HIGH. The low-going transition of RESET triggers an in- 
ternal reset sequence for approximately 10 CLK cycles. 
After this interval the 8086 operates normally beginning 
with the instruction in absolute location FFFFOH (see 
Figure 3b). The details of this operation are specified In 
the Instruction Set description of the MCS-86 Users' 
Manual. The RESET input is internally synchronized to 
the processor clock. At initialization the HIGH-to-LOW 
transition of RESET must occur no sooner than 50 ms 
after power-up, to allow complete initialization of the 
8086. 

If INTR Is asserted sooner than 9 CLK cycles after the 
end of RESET, the processor may execute one instruc- 
tion before responding to the Interrupt. NMI may not be 
asserted prior to the 2nd CLK cycle following the end of 
RESET. 

INTERRUPT OPERATIONS 

Interrupt operations fall Into two classes; software or 
hardware initiated. The software initiated interrupts and 
software aspects of hardware interrupts are specified in 
the Instruction Set description. Hardware interrupts can 
be classified as non-masl<able or maskable. 

Interrupts result in a transfer of control to a new pro- 
gram location. A 256-element table containing address 
pointers to the Interrupt service program locations 
resides in absolute locations through 3FFH (see 
Figure 3b), which are reserved for this purpose. Each 
element In the table is 4 bytes in size and corresponds 
to an Interrupt "type". An interrupting device supplies 
an 8-blt type number, during the interrupt acknowledge 
sequence, which Is used to "vector" through the ap- 
propriate element to the new Interrupt service program 
location. 



NON-MASKABLE INTERRlbp!]r<»^l 



The processor provides a single noh-ttj^^skabrfe 
pin (Nfvll) which has higher priority than thi^rftT^^kll 
terrupt request pin (INTR). A typical use woiit^^ei^^^jj atf 
tlvate a power failure routine. The NMI is edge-tfi&g^fe|;jl, 
on a LOW-to-HIGH transition. The activation of this 0te 
causes a type 2 interrupt. (See Instruction Set descrip- 
tion.) 

NMI is required to have a duration in the HIGH state of 
greater than two CLK cycles, but is not required to be 
synchronized to the clock. Any high-going transition of 
NMI is latched on-chip and will be serviced at the end of 
the current instruction or between whole moves of a 
block-type instruction. Worst case response to NMI 
would be for multiply, divide, and variable shift instruc- 
tions. There is no specification on the occurrence of the 
low-going edge; it may occur before, during, or after the 
servicing of NMI. Another high-going edge triggers 
another response if it occurs after the start of the NMI 
procedure. The signal must be free of logical spikes In 
general and be free of bounces on the lo\^-golng edge to 
avoid triggering extraneous responses. 

MASKABLE INTERRUPT (INTR) 

The 8086 provides a single interrupt request input (INTR) 
which can be masked internally by software with the 
resetting of the interrupt enable FLAG status bit. The 
interrupt request signal is level triggered. It is internally 
synchronized during each clock cycle on the high-going 
edge of CLK, To be responded to, INTR must be present 
(HIGH) during the clock period preceding the end of the 
current instruction or the end of a whole move for a 
block-type Instruction. During the Interrupt response 
sequence further interrupts are disabled. The enable bit 
is reset as part of the response to any Interrupt (INTR, 
NMI, software interrupt or single-step), although the 



Ti T2 T3 T4 Ti T2 T3 T4 
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LOCK 
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TYPE VECTOR 



>- 



Figure 6. Interrupt Acknowledge Sequence 
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FLAGS register which is automatically pushed onto the 
stack reflects the state of the processor prior to the 
interrupt. Until the old FLAGS register is restored the 
enable bit will be zero unless specifically set by an 
instruction. 

During the response sequence (figure 6) the processor 
executes two successive (back-to-back) interrupt 
acknowledge cycles. The 8086 emits the LOCK signal 
from T2 of the first bus cycle until T2 of the second. A 
local bus "hold" request will not be honored until the 
end of the second bus cycle. In the second bus cycle a 
byte is fetched from the external interrupt system (e.g., 
8259A PIC) which identifies the source (type) of the 
interrupt. This byte is multiplied by four and used as a 
pointer into the interrupt vector lookup table. An INTR 
signal left HIGH will be continually responded to within 
the limitations of the enable bit and sample period. The 
INTERRUPT RETURN instruction includes a FLAGS pop 
which returns the status of the original interrupt enable 
bit when it restores the FLAGS. 

HALT 

When a software "HALT" instruction Is executed the 
processor indicates that it Is entering the "HALT" state 
In one of two ways depending upon which mode is 
strapped. In minimum mode, the processor issues one 
ALE with no qualifying bus control signals. In Maximum 
Mode, the processor issues appropriate HALT status on 
S2S1S0 and the 8288 bus controller issues one ALE. The 
8086 will not leave the "HALT" state when a local bus 
"hold" is entered while in "HALT". In this case, the 
processor reissues the HALT indicator. An interrupt 
request or RESET will force the 8086 out of the "HALT" 
state. 

READ/MODIFY/WRITE (SEMAPHORE) 
OPERATIONS VIA LOCK 




The LOCK status information is provided by the proc- 
essor when directly consecutive bus cycles are required 
during the execution of an instruction. This provides the 
processor with the capability of performing read/modify/ 
write operations on memory (via the Exchange Register 
With Memory instruction, for example) without the 
possibility of another system bus master receiving 
intervening memory cycles. This is useful in multi- 
prpcessor system configurati ons to accomplish "test 
and set lock" operations. The LOCK signal Is activated 
(forced LOW) In the clock cycle following the one In 
which the software "LOCK" prefix instruction is 
decoded by the EU. It is deactivated at the end of the 
last bus cycle of the inst ruction following the "LOCK" 
prefix instruction. While LOCK Is active a ll interrupts 
are masked and a request on a RQ/GT pi n will be 
recorded and then honored at the end of the LOCK. 

EXTERNAL SYNCHRONIZATION VIA TEST 

As an alternative to the interrupts and general I/O 
capabilities, the 8086 pr ovides a single software- 
testable input known as the TEST signal. At any time the 
pro gram m ay execute a WAIT instruction. If at that time 
the TEST signal Is inactive (HIGH), program exe cution 
becomes suspended while the processor waits for TEST 



to become active. It must remain actlVefor at least 5 
CLK cycles. The WAIT instruction is re-,ej<fecuted 
repeatedly until that time. This activity does hc^i:,ifeon- 
sume bus cycles. The processor remains in an idle stMe ^ 
while waiting. All 8086 drivers go to 3-state OFF if bus s' 
"Hold"is entered. If interrupts are enabled, they may ; 
occur while the processor is waiting. When this occurs 
the processor fetches the WAIT Instruction one extra 
time, processes the interrupt, and then re-fetches and 
re-executes the WAIT instruction upon returning from 
the interrupt. 



8086 COMPARED WITH 8080/8085 

While the 8086 has new instruction coding patterns to 
allow for the greatly expanded capabilities, all functions 
of the 8080/8085 may be performed by the 8086 with 
identical program semantics to their 8080/8085 ver- 
sions. For every 8080/8085 Instruction there is a corre- 
sponding 8086 instruction (or, in rare cases, a short 
sequence of Instructions). Virtually all 8086 data manip- 
ulation instructions may be specified to operate on 
either the full set of 16-blt registers or on an 8-bit subset 
of them which corresponds to the 8080 register set. This 
relationship is shown in Figure 7 where the shaded 
registers (names in parentheses) represent the 8080 
register set. 



BASIC SYSTEM TIMING 

Typical system configurations for the processor 
operating in minimum mode and in maximum mode are 
shown in Figures_4a and 4b, respectively. In minimum 
mode, the MN/MX pin is strapped to Vcc and the proc- 
essor emits bus control signals In a manner similar to 
the 8085. In maximum mode, the MN/MX pin is strapped 
to Vss and the processor emits coded status informa- 
tion which the 8288 bus controller uses to generate 
MULTIBUSTM compatible bus control signals. Figure 5 
illustrates the signal timing relationships. 
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SYSTEM TIMING - MINIMUM SYSTEM 

The read cycle begins in Ti with the assertion of the 
Address Latch Enable (ALE) signal. The trailing (low- 
going) edge of this signal is used to latch the address 
information, which is valid on the loca l bus at this time, 
into the 8282/8283 latch. The BHE and Aq signals 
address the low, high, or both bytes. From Ti to T4 the 
M/IO signal indicates a memory or I/O operation. At T2 
the address is removed from the local bus and the bus 
goes to a high impedance state. TJie read control signal 
is also asserted at T2. The read (RD) signal causes the 
addressed device to enable its data bus drivers to the 
local bus. Some time later valid data will be available on 
the bus and the addressed device will drive the READY 
line HIGH. When the processor returns the read signal 
to a HIGH level, the addressed device will again 3-state 
its bus drivers. If a transceiver (8286/8287) i s req uired to 
buffer the 8086 local bus, signals DT/R and DEN are pro- 
vided by the 8086. 

A write cycle also begins with the assertion of ALE and 
the emission of the address. The M/IO signal is again 
asserted to indicate a memory or I/O write operation. In 
the T2 immediately following the address emission the 
processor emits the data to be written into the 
addressed location. This data remains valid until the 
middle of T4. During T2, T3, and T^ t he p rocessor asserts 
the write control signal. The write (WR) signal becomes 
active at the beginning of T2 as opposed to the read 
which is delayed somewhat into T2 to provide time for 
the bus to float. 



The BHE and Aq signals are used to select the proper 
byte(s) of the memory/10 word to be read or written 
according to the following table: 



I/O ports are addressed in the same imin|4r,#^ memory 
location. Even addressed bytes alr0 transfer(f^|E)|^ the 

iddressed Byte^^'onP'^^^j||y-' 



BHE 


AG 










Whole word 





1 


Upper byte from/ 
to odd address 


1 





Lower byte from/ 
to even address 


1 


1 


None 



i£i#l 



D7-D0 bus lines and odd addressed I 

The basic difference between the interru(5%!^^^^ 
edge cycle and a read cycle is that the iM^i^jfUj^r 
acknowledge signal (INTA) is asserted in place of tt;j# 
read (RD) signal and the address bus is floated. (See 
Figure 6.) In the second of two successive INTA cycles, 
a byte of information is read from bus lines D7-D0 as 
supplied by the interrupt system logic (i.e., 8259A Prior- 
ity Interrupt Controller). This byte identifies the source 
(type) of the interrupt. It is multiplied by four and used 
as a pointer into an interrupt vector lookup table, as 
described earlier. 



BUS TIMING - MEDIUM COMPLEXITY SYSTEMS 

For medium complexity systems the MN/MX pin is con- 
nected to Vss and the 8288 Bus Controller is added to 
the system as well as an 8282/8283 latch for latching the 
system address, and a 8286/8287 transceiver to allow for 
bus loading greater than the_8086 is capable of handling. 
Signals ALE, DEN, and DT/R are generated by the 8288 
instead of the processor in this configuration although 
their timing remainsjelatively the same. The 8086 status 
outputs (^2. Si, and Sq) provide type-of-cycle information 
and become 8288 inputs. This bus cycle information 
specifies read (code, data, or I/O), write (data or I/O), 
interrupt acknowledge, or software halt. The 8288 thus 
issues control signals specifying memory read or write, 
I/O read or write, or interrupt acknowledge. The 8288 
provides two types of write strobes, normal and 
advanced, to be applied as required. The normal write 
strobes have data valid at the leading edge of write. The 
advanced write strobes have the same timing as read 
strobes, and hence data isn't valid at the leading edge of 
write. The 8286/8287 transceiver receives the usual T 
and OE Inputs from the 8288's DT/R and DEN. 

The pointer into the interrupt vector table, which is 
passed during the second INTA cycle, can derive from 
an 8259A located on either the local bus or the system 
bus. If the master 8259A Priority Interrupt Controller is 
positioned on the local bus, aTTL gate is required to 
disable the 8286/8287 transceiver when reading from the 
master 8259A during the interrupt acknowledge 
sequence and software "poll". 
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8086 FUNCTIONAL PIN DEFINITION 

The following pin function descriptions are for 8086 
systems in either minimum or maximum mode. The 
"Local Bus" in these descriptions is the direct multi- 
plexed bus interface connection to the 8086 (without 
regard to additional bus buffers). 

ADis-ADo (INPUT/OUTPUT 3-STATE) 

These lines constitute the time multiplexed memory/10 
ad dress (T^) and data (T2, T3, Tw, T4) bus. Aq is analogous 
to BHE for the lower byte of the data bus, pins D7-D0. It 
is LOW during T^ when a byte Is to be transferred on the 
lower portion of the bus in memory or I/O operations. 
Eight-bit oriented devices tied to the lower half would 
normally use Aq to condition chip select functions. (See 
table on page 8.) These lines are active HIGH and float to 
3-state OFF during interrupt acknowledge and local bus 
"hold acknowledge". 

A19/S6, A18/S5, A17/S4, A16/S3 (OUTPUT 3-STATE) 

During T^ these are the four most significant address 
lines for memory operations. During I/O operations 
these lines are LOW. During memory and I/O operations, 
status information is available on these lines during T2, 
T3, Tw, and T4. The status of the interrupt enable FLAG 
bit (S5) is updated at the beginning of each CLK cycle. 
A-J7/S4 and A16/S3 are encoded as follows: 



A17/S4 

(LOW) 


1 (HIGH) 
1 



A16/S3 


1 


1 



Alternate Data 

Stack 

Code or None 

Data 



Se is (LOW 

This information Indicates which relocation register is 
presently being used for data accessing. 

These lines float to 3-state OFF during local bus "hold 
acknowledge". 



BHE/S7 (OUTPUT 3-STATE) 

During T^ the bus high enable signal (BHE) should be 
used to enable data onto the most significant half of the 
data bus, pins D15-D8. Eight-bit oriented device s tied to 
the upper half of the bus would nor mally use BHE to 
condition chip select functions. BHE is LOW during T-i 
for read, write, and interrupt acknowledge cycles when a 
byte is to be transferred on the high portion of the bus. 
(See table on page 8.) The S7 status information is avail- 
able during T2, T3, and T4. The signal is active LOW, and 
floats to 3-state OFF In "hold". It is LOW during T^ for 
the first interrupt acknowledge cycle. 

RD (OUTPUT 3-STATE) 

Read strobe indicates that the processor Is performing a 
memory or I/O read cycle, depending on the state of the 
S2 pin. This signal is used to read devices which reside 



on the 8086 local bus. RD fs active LOW during T2, T3 
and Tw of any read cycle, and is guaranteed to remain 
HIGH in T2 until the 8086 local bus has floated. :y^ ; 

This signal floats to 3-state OFF in "hold acknpwIedgl^^V 

READY (INPUT) 

READY is the acknowledgement from the addressed 
memory or I/O device that it will complete the data 
transfer. The RDY signal from memory/10 is synchro- 
nized by the 8284 Clock Generator to form READY. This 
signal is active HIGH. 

INTR (INPUT) 

Interrupt request is a level triggered input which is sam- 
pled during the last clock cycle of each instruction to 
determine If the processor should enter into an interrupt 
acknowledge operation. A subroutine is vectored to via 
an interrupt vector lookup table located in system 
memory. It can be internally masked by software reset- 
ting the interrupt enable bit. INTR is internally syn- 
chronized. This signal is active HIGH. 



TEST (INPUT) 

The TEST input is exam ined by the "Wait For Test" 
instruction. If the TEST input Is LOW execution con- 
tinues, otherwise the processor waits in an "Idle" state. 
This input is synchronized Internally during each clock 
cycle on the leading edge 61 CLK. 

NMI (INPUT) 

Non-maskable interrupt is an edge triggered input which 
causes a type 2 interrupt. A subroutine is vectored to via 
an interrupt vector lookup table located in system 
memory. NMI is not maskable internally by software. A 
transition from a LOW to HIGH initiates the interrupt at 
the end of the current instruction. This input is intern- 
ally synchronized. 

RESET (INPUT) 

RESET causes the processor to Immediately terminate 
its present activity. The signal must be active HIGH for 
at least four clock cycles. It restarts execution, as 
described in the Instruction Set description, when 
RESET returns LOW. RESET Is internally synchronized. 

CLK (INPUT) 

The clock provides the basic timing for the processor 
and bus controller. It is asymmetric with a 33% duty 
cycle to provide optimized internal timing. 

Vcc 

Vcc Is the -f- 5V± 10% power supply pin. 

GND 

GND are the ground pins 
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The following pin function descriptions are for the 8086 
minimum mode (i.e., MN/MX = Vcc). Only the pin func- 
tions which are unique to minimum mode are described; 
all other pin functions are as described above. 

M/IO (OUTPUT 3STATE) 

This status line is logically equivalent to S2 in the max- 
imum mode. It is used to dl^^stinguish a memory access 
from an I/O access. M/IO becomes valid in the T4 
preceding a bus cycle and remains valjd until the final T4 
of the cycle (M = HIGH, 10 = LOW). M/IO floats to 3-state 
OFF in local bus "hold acknowledge". 

WR (OUTPUT 3-STATE) 

Write strobe indicates that the processor is performing 
a write memory or write I/O cycle, depending on the 
state of the M/l^ signal. WR is active for T2, T3 and Tyv of 
any write cycle. It is active LOW, and floats to 3-state 
OFF In local bus "hold acknowledge". 



INTA (OUTPUT 3STATE) 

INTA is used as a read strobe for interrupt acknowledge 
cycles. It Is active LOW duri ng T2 , T3 and Tw of each 
interrupt acknowledge cycle. INTA floats to 3-state OFF 
in "hold acknowledge". 

ALE (OUTPUT) 

Address latch enable is provided by the processor to 
latch the address into the 8282/8283 address latch. It is 
a HIGH pulse active during T-i of any bus cycle. Note 
that ALE is never floated. 



DT/R (OUTPUT 3STATE) 

Data transmit/receive is needed in minirnum sy^^l^ |hat 
desires to use an 8286/8287 data bus transceiver, (fls; 
used to control the direction of data flow th rou gh the 
transceiver. Logically DT/R is equivalent to Si in the 
maximum mode, and its timing is the same as for, 
M/IO.(T=HIGH, R=LOW.) This signal floats to 3-state 
OFF In local bus "hold acknowledge". 

DEN (OUTPUT 3-STATE) 

Data enable is provided as an output enable for the 

8286/8287 in a minimum system which uses the 

transceiver. DEN is active LOW during each memory and 
I/O access and for INTA cycles. For a read or INTA cycle 
it is active from the middle of T2 until the middle of T4, 
while for a write cycle it i s acti ve from the beginning of 
T2 until the middle of T4. DEN floats to 3-state OFF in 
local bus "hold acknowledge". 

HOLD (INPUT), HLDA (OUTPUT) 

HOLD Indicates that another master is requesting a 
local bus "hold". To be acknowledged, HOLD must be 
active HIGH. The processor receiving the "hold" 
request will issue HLDA (HIGH) as an acknowledgement 
in the middle of T4 or T|. Simultaneous with the 
issuance of HLDA the processor will float the local bus 
and control lines. After HOLD is detected as being LOW, 
the processor will LOWer HLDA, and when the proces- 
sor needs to run another cycle, it will again drive the 
local bus and control lines. (See Figure 13.) 
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The following pin function descriptions are for the 
8086/8288 system in maximum mode (i.e., I\/IN/MX = 
Vss)- Only the pin functions which are unique to max* 
imum mode are described; all other pin functions are as 
described above. 

S^ S7, S;^ (OUTPUT 3-STATE) 

These status lines are encoded as follows: 



S2 



Si 



(LOW) 








Interrupt Acknowledge 








1 


Read I/O Port 





1 





Write I/O Port 





1 


1 


Halt 


1 (HIGH) 








Code Access 


1 





1 


Read Memory 


1 


1 





Write Memory 


1 


1 


1 


Passive 



Status is active during T4, Ti, and T2 and is returned to 
the passive state (1,1,1) during T3 or during Tw when 
READY is HIGH. This status is used by the 8288 Bus 
Controller to generate alf nnienriory amj I/O access con- 
trol signals. Any change by S2, Si , or Sq during T4 is used 
to indicate the beginning of a bus cycle, and the return 
to the passive state in T3 or Tw is used to indicate the 
end of a bus cycle. 

These signals float to 3-state OFF in "hold acknowl- 
edge". 

RQ/GT 0, RQ/GTi (INPUT/OUTPUT) 

The request/grant pins are used by other local bus 
masters to force the processor to release the local bus 
at the end of the processor's current bus cycle. Each pin 
is bidire ctional with RQ/GTq having higher priority than 
RQ/GT^. RQ/GT has an internal pull-up resistor so may 
be left unconnected. The request/grant sequence is as 
follows (see Figure 12): 

1. A pulse of 1 CLK wide from another local bus 
master Indicates a local bus request ("hold") to 
the 8086 (pulse 1). 



2. During the CPU's next T4 or Tj a pmlse 1 CLK wide 
from the 8086 to the requesting master (pmse 2), 
indicates that the 8086 has allowed the locff bus 
to float and that it will enter the "hold 
acknowledge" state at the next CLK . The CPU's 
bus interface unit is disconnected logically from 
the local bus during "hold acknowledge". 

3. A pulse 1 CLK wide from the requesting master 
indicates to the 8086 (pulse 3) that the "hold" 
request is about to end and that the 8086 can 
reclaim the local bus at the next CLK. The CPU 
then enters T4. 

Each master-master exchange of the local bus is a 
sequence of 3 pulses. There must be one dead CLK 
cycle after each bus exchange. Pulses are active LOW. 



LOCK (OUTPUT 3-STATE) 

The LOCK output indicates that other system bus 
maste rs are not to gain co ntrol of the system bus while 
LOCK is active LOW. The LOCK signal is activated by 
the "LOCK" prefix instruction and remains active until 
the completion of the next instruction. This signal is 
active LOW, and floats to 3-state OFF in "hold acknowl- 
edge". 



QSi, QSo (OUTPUT) 

QS-i and QSq provide status to allow external tracking of 
the internal 8086 instruction queue. 



QSi 

(LOW) 


1 (HIGH) 
1 



QSo 



1 



1 



No Operation 

First Byte of Op Code from Queue 
Empty the Queue 
Subsequent Byte from Queue 



The queue status is valid during the CLK cycle after 
which the queue operation is performed. 
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ABSOLUTE MAXIMUM RATINGS'^ 

Ambient Temperature Under Bias *'C to 70 "C 

Storage Temperature -es^C to + 150**C 

Voltage on Any Pin with 

Respect to Ground - 0.3 to + 7V 

Power Dissipation 2.5 Watt 



*COMMENT: Stresses above those listed under "Absolute Maxtmym 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect device reliability. 



D.C. CHARACTERISTICS 

8086/8086-4: T/^=0°C to 70°C, Vcc = 5V± 10% 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


VlL 


Input Low Voltage 


-0.5 


+ 0.8 


V 




V|H 


Input High Voltage 


2.0 


Vcc + 0.5 


V 




Vol 


Output Low Voltage 




0.45 


V 


Iql = 2.0 mA 


VOH 


Output High Voltage 


2.4 




V 


loH = 400 mA 


Ice 


Power Supply Current 




275 


mA 




'li 


Input Leakage Current 




±10 


mA 


V,N = Vcc 


Ilo 


Output Leakage Current 




±10 


mA 


0.45V <VouT<Vcc 


Vol 


Clock Input Low Voltage 


-0.5 


+ 0.6 


V 




VCH 


Clock Input High Voltage 


3.9 


Vcc+1-0 


V 




C|N 


Capacitance of Input Buffer 
(All input except 
AD0-AD15, RQ/GT) 




10 


PF 


fc = 1 MHz 


C,o 


Capacitance of I/O Buffer 
(AD0-AD15, RQ/GT) 




20 


PF 


fc = 1 MHz 
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■^ -"> If' V, 



A.C. CHARACTERISTICS 

8086/8086-4: Ta = X to 70 X, Vqc = 5V ± 1 0% 

8086 MINIMUM COMPLEXITY SYSTEM (Figure 8) 
TIMING REQUIREMENTS 









f*0 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


TCLCL 


CLK Cycle Period -- 8086 
- 8086-4 


200 
250 


2000 
2000 


ns 
ns 




TCLCH 


CLK Low Time 


(2/3TCLCL)-15 




ns 




TCHCL 


CLK High Time 


(V3TCLCL) + 2 




ns 




TCH1CH2 


CLK Rise Time 




10 


ns 


From 1.0V to 3.5V 


TCL2CL1 


C|-K Fall Time 




10 


ns 


From 3.5V to 1.0V 


TDVCL 


Data In Setup Time 


30 




ns 




TCLDZ 


Data In Hold Time 


10 




ns 




TR1VCL 


RDY Setup Time into 8284 (See Notes 1, 2) 


35 




ns 




TCLR1X 


RDY Hold Time into 8284 (See Notes 1, 2) 







ns 




TRYHCH 


READY Setup Time into 8086 


(2/3TCLCL)-15 




ns 




TCHRYX 


READY Hold Time into 8086 


30 




ns 




TRYLCL 


READY Inactive to CLK (See Note 3) 


-8 




ns 




THVCH 


Hold Setup Time 


35 




ns 




TINVCH 


INTR, NMI, TEST Setup Time (See Note 2) 


30 




ns 





TIMING RESPONSES 



Symbol 




Min. 


Max. 


Units 


Test Conditions 


TCUV 


Address Valid Delay 


15 


110 


ns 




TCLAX 


Address Hold Time 


10 




ns 




TCLAZ 


Address Float Delay 


TCLAX 


80 


ns 




TLHLL 


ALE Width 


TCLCH-20 




ns 




TCLLH 


ALE Active Delay 




80 




ns 




TCHLL 


ALE Inactive Delay 




85 


ns 




TLLAZ 


ALE Inactive to Address Float 


TCHCL- 10 




ns 




TCLDV 


Data Valid Delay 


15 


110 


ns 




TCHDZ 


Data Float Delay 


TCLAX 


85 


ns 


for all 8086 


TWHDZ 


Data Hold Time After WR 


TCLCH-30 




ns 


OutputG 


TCVCTV 


Control Active Delay 1 


10 


110 


ns 




TCHCTV 


Control Active Delay 2 


15 


110 


ns 




TCVCTX 


Control Inactive Delay 


10 


110 


ns 




TAZRL 


Address Float to READ Active 







ns 




TCLRL 


RD Active Delay 


10 


165 


ns 




TCLRH 


RD Inactive Delay 


10 


150 


ns 




TRHAV 


RD Inactive to Next Address Active 


TCLCL-45 




ns 




TCLHAV 


HLDA Valid Delay 


10 


160 


ns 





NOTES: 1. SIGNAL AT 8284 SHOWN FOR REFERENCE ONLY. 

2. SETUP REQUIREMENT FOR ASYNCHRONOUS SIGNAL ONLY TO GUARANTEE RECOGNITION AT NEXT CLK. 

3. APPLIES ONLY TO t2 STATE. 
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8086 MAX MODE SYSTEM (USING 8288 BUS CONTROLLER) (Figure 9) 
TIMING REQUIREMENTS 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Condftton« 


TCLCL 


CLK Cycle Period - 8086 
— 8086-4 


200 
250 


2000 
2000 


ns 
ns 




TCLCH 


CLK Low Time 


(2/3TCLCL)-15 




ns 




TCHCL 


CLK High Time 


(V3TCLCL)+2 




ns 




TCH1CH2 


CLK Rise Time 




10 


ns 


From 1.0V to 3.5V 


TCL2CL1 


CLK Fall Time 




10 


ns 


From 3.5V to 1.0V 


TDVCL 


Data In Setup Time 


30 




ns 




TCLDZ 


Data In Hold Time 


10 




ns 




TR1VCL 


RDY Setup Time into 8284 (See Notes 1, 2) 


35 




ns 




TCLR1X 


RDY Hold Time into 8284 (See Notes 1, 2) 







ns 




TRYHCH 


READY Setup Time into 8086 


(2/3TCLCL)-15 




ns 




TCHRYX 


READY Hold Time into 8086 


30 




ns 




TRYLCL 


READY Inactive to CLK (See Note 4) 


-8 




ns 




TINVCH 


Setup Time for Recognition (INTR, NMI, TEST) (See Note 2) 


30 




ns 




TGVCH 


RQ/gT Setup Time 


35 




ns 




TCHGX 


RQ Hold Time into 8086 


40 




Tns 





TIMING RESPONSES 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


TCLML 


Command Active Delay (See Note 1) 


10 


35 


ns 




TCLMH 


Command Inactive Delay (See Note 1) 


10 


35 


ns 




TRYHSH 


READY Active to Status Passive (See Note 3) 




110 


ns 




TCHSV 


Status Active Delay 


10 


110 


ns 




TCLSH 


Status Inactive Delay 


10 


130 


ns 




TCLAV 


Address Valid Delay 


15 


110 


ns 




TCLAX 


Address Hold Time 


10 




ns 




TCLAZ 


Address Float Delay 


TCLAX 


80 


ns 




TSVLH 


Status Valid to ALE High (See Note 1) 




15 


ns 




TSVMCH 


Status Valid to MCE High (See Note 1) 




15 


ns 




TCLLH 


CLK Low to ALE Valid (See Note 1) 




15 


ns 




TCLMCH 


CLK Low to MCE High (See Note 1) 




15 


ns 




TCHLL 


ALE Inactive Delay (See Note 1) 




15 


ns 


CL=20-100pF 


TCLMCL 


MCE Inactive Delay (See Note 1) 




15 


ns 


for all 8086 
Outputs 


TCLDV 


Data Valid Delay 


15 


110 


ns 


TCHDZ 


Data Float Delay 


TCLAX 


85 


ns 




TCVNV 


Control Active Delay (See Note 1) 


5 


45 


ns 




TCVNX 


Control Inactive Delay (See Note 1) 


10 


45 


ns 




TAZRL 


Address Float to Read Active 







ns 




TCLRL 


RD Active Delay 


10 


165 


ns 




TCLRH 


RD Inactive Delay 


10 


150 


ns 




TRHAV 


RD Inactive to Next Address Active 


TCLCL-45 




ns 




TCHDTL 


Direction Control Active Delay (See Note 1) 




50 


ns 




TCHDTH 


Direction Control Inactive Delay (See Note 1) 




30 




ns 




TCLGL 


GT Active Delay 




85 


ns 




TCLGH 


GT Inactive Delay 




85 


ns 





NOTES: 1. SIGNAL AT 8284 OR 8288 SHOWN FOR REFERENCE ONLY. 

2. SETUP REQUIREMENT FOR ASYNCHRONOUS SIGNAL ONLY TO GUARANTEE RECOGNITION AT NEXT CLK. 

3. APPLIES ONLY TO T3 AND WAIT STATES. 

4. APPLIES ONLY TO T2 STATE. 
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CLK (8284 Output) 



BHE/S7,Ai9/S6-Ai6/S3 



RDY (8284 Input) 
SEE NOTE 5 



READY (8086 Input) 



READ - (WR INTA = Vqh) 



WRITE - (RD.INTA DT/R = Voh) 



INTA-(RD,WR = VoH, BHE = Vol) 




SOFTWARE HALT - (DEN = Vol.RD.WR.INTA DT/R = Vqh: TI's follow T1, then NMI or INTR — Begin a new T1 

AD15-AD0 

TCLAV 

NOTES: 1 . ALL SIGNALS SWITCH BETWEEN VoH AND Vm UNLESS OTHERWISE SPECIFIED 

2 . RDY IS SAMPLED NEAR THE END OF T2, T3, Tyy TO DETERMINE 'E IF J^ MACHINES STATES ARE TO BE INSERTED 

3 . FOLLOWING A WRITE CYCLE THE LOCAL BUS IS FLOATED BY THE 8086 ONLY WHEN THE 8086 ENTERS A "HOLD ACKNOWLEDGE" STATE 

4 . TWO INTA CYCLES RUN BACK-TO-BACK. THE 8086 LOCAL ADDR/DATA BUS IS FLOATING DURING THE SECOND INTA CYCLE 

5 . SIGNALS AT 8284 ARE SHOWN FOR REFERENCE ONLY. 

6 . ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED. 



Figure 8. 8086 Bus Timing — IVIinimum IVIode System 
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TCH1CH2-^ I- —^ U-TCL2CL1 ^w 



§i,5T,SJ (EXCEPT HALT) 



READ — (INTA,MWTC.AMWC,IOWC,AIOWC = Voh) 
ADis-ADo 




;■* A*'tf«' #i ,,-, 



MWTC OR lOWC 

INTA - (RB,MRD5,iORC,i«»Te,ARiWi;,R5WC,Ai5WC=VoH;BlTE= Voj 



NOTES: 1 . ALL SIGNALS SWITCH BETWEEN Vqh AND Vql UNLESS OTHERWISE SPECIFIED. 

2 . HOY IS SAMPLED NEAR THE END OF Tj, T3, T^ TO DETERMINE IF Tw MACHINES STATES ARE TO BE INSERTED 

3 FOLLOWING A WRITE CYCLE THE LOCAL BUS IS iFLOATED BY THE 8086 ONLY WHEN THE 8086 ENTERS A "HOLD ACKNOWLEDGE" STATE 

4 TWO INTA CYCLES RUN BACK-TO-BACK. THE 8086 LOCAL ADDR/DATA BUS IS FLOATING DURING THE SECOND INTA CYCLE 

5 SIGNALS AT 8284 OR 8288 ARE SHOWN FOR REFERENCE ONLY 

6 THE ISSUANCE OF THE 8288 COMMAND AND CONTROL SIGNALS (MRDC, MWTC, AMWC, lORC, lOWC, AlOWC, INTA AND DEN) LAGS THE ACTIVE HIGH 8288 CEN 

7 ALL TIMING MEASUREMENTS ARE MADE AT 1 5V UNLESS OTHERWISE NOTED. 

8 STATUS INACTIVE IN STATE JUST PRIOR TO T4 

Figure 9. 8086 Bus Timing — iVIaximum Mode System (Using 8288) 
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X 




TINVCH (see note 1) 



NOTE: 

1. SETUP REQUIREMENTS FOR ASYNCHRONOUS SIGNALS ONLY TO GUARANTEE RECOGNITION AT NEXT CLK 

Figure 10. Asynchronous Signal Recognition 



■•?>/ 



-Any CLK Cycle— I 



\ 



y 



Figure 11. Bus Lock Signal Timing (Maximum Mode Only) 



TCLGH 

^ 




> 0-CLK Cycle—*- 



^s_J^v_ ^ 



7}S PULSE 1_ / 

N. MASTER RQ 7 



-T, > 0-CLK Cycle- 



\ 



Master request is sampled by 8086 



(see note 3) (see note 4) 



\ PULSE 3_ / 
MASTER GT/ 



Master grant is sampled by 8086 



1 



NOTES: _ 

1. THE 8086 FLOATS S^.s'^.S^ FROM 1.1. 1 STAT E ON THIS EDGE 

2. THE 8086 FLOATS A^^D^^ BUS RD AND LOCK ON THIS EDGE 

3. THE OTHER MASTER FLOATS S^, Sj, S^ FROM 1.1.1 STATE ON THIS EDGE 

4. THE OTHER MASTER FLOATS AyDy BOS, BHE, AND LOCK ON THIS EDGE 



Figure 12. Request/Grant Sequence Timing (Maximum Mode Only) 



-> 1 CLK CYCLE- 








^t 



-^ 



j*- TCLHAV 



r 



X 



NOTE: 

1. BUS FLOATS ON THIS EDGE (SEE TCHDZ) 



Figure 13. Hold/Hold Acknowledge Timing (Minimum Mode Only) 
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8086 
INSTRUCTION SET SUMMARY 



memory to/from register 

e to register/memory 

e to register 

to accumulator 

Jtor to memory 

memory to segment registe 

register to register/memory 



op: 

/memory 



32 10 


7 65432 10 


765432 10 


78543 2 10 


1 Od w 


mod reg r/m 




1 1 w 


"rtiKf r/m 


data 


data If wM 1 


w reg 


data 


dataif w-1 J 




000 w 


addr-low 


addr-high 




00 1 w 


addr-low 


addr-high 




11110 


mod reg r/m 






1100 


mod reg r/m 





111 I mod 1 1 rlm\ 
1 reg 



mod r/m 



Exchange: 

/memory with register 
with accumulator 



)utputto: 
art 

i port 

ranslate byte to AL 
ad EA to register 
ad pointer to OS 
ad pointer to ES 
oad AH with flags 
>tore AH into flags 
^Push flags 
'op flags 



emory with register to either 
ate to register/memory 
ate to accumulator 

Add with carry: 

emory with register to either 
ate to.register/memory 
late to accumulator 

Increment: 

ir/memory 

sen adjust for add 
ecimal adjust for add 

Subtract: 

lemory and register to either 
liate from register/memory 
liate from accumulator 



1 1 w mod reg r/m | 
10 reg 



[_ 1 1 V 



1 
1 

] 

1 
J 

J 
J 
J 
1 

n 


1 1 1 w 


port 


1 1 1 1 w 






10 111 




110 1 


mod 


reg r/m 


000 10 1 


mod 


reg r/m 


10 


^o6 


reg r/m 


11111 
10 11110 


( 




J01 1 1 00 
10 1110 1 





d w 


mod reg r/m 




0000 s w 


modOOO r/m 


data 1 dataifs.w=01 \ 


000 1 Ow 


data data if w-1 | 



1 w [mod OOP r/m | 



) 1 1 d w 


mod reg r/m 






1 ) s w 


mod 1 1 r/m 


data 


data if s:w=01 | 


)1 1 1 w 


data 


data if w=1 





memory and register to either 
liate from register/memory 
liate from accumulator 

(monies ©Intel, 1978 



1) 1 1 d w 


mod reg r/m 






1 tl s w 


mod 1 1 r/m 


data 


data if s:w=01 | 


000 1 1 1 Ow 


data 


data if w=1 






DEC = Decrement: 

Register/memory 
Register 
NE6=Change sign 

CMP = Compare: 

Register/memory and register 
Immediate with register/memory 
immediate with accumulator 
AAS=ASCII adjust for subtract 
OAS-^Oecimal adjust for subtract 
MUL=IMultiply (unsigned) 
iMUL=lnteger multiply (signed) 
AAM=ASCII adjust for multiply 
OIV=Divide (unsigned) 
lOIV^Integer divide (signed) 
AAO^^ASCII adjust for divide 
CBW=Convert byte to word 
CWD=Convert word to double word 



7 6 543210 


765432 10 


1 1 1 1 1 1 1 w 


mode 1 r/m [ 


10 1 reg 




1 1 1 1 1 1 w 


modO 1 1 r/m | 



76543210 76543210 



00 1 1 1 Od w 


mod reg r/m 






1 00000 s w 


mod 1 1 1 r/m 


data 


data if s'w=Ol j 


1 1 1 1 w 


data 


dataitw=1 




111111 






00101111 






1 1 1 1 1 1 w 


mod 10 r/m 




1 1 1 1 1 1 w 


modi 1 r/m 




110 10 10 


10 10 




1 1 1 1 1 1 w 


mod 1 1 r/m 




1 1 1 1 1 1 w 


mod 111 r/m 




110 10 10 1 


10 10 




10 110 






10 110 1 





LOGIC 

HOT=lnvert 

8HL/SAL=Shift logical/arithmetic left 

SHR^Shift logical right 

SAR=Shift arithmetic right 

ROL=Rotate left 

ROR=Rotate right 

RCL=Rotate through carry flag left 

RCR=Rotate through carry right 

AND = And: 

Reg /memory and register to either 
Immediate to register/memory 
Immediate to accumulator 



1 1 1 1 1 1 w 


mod 1 r/m 


1 1. 1 V w J 


mod 1 r/m 


1 1 1 v w 


mod 1 1 r/m 


1 1 1 OOv w 


mod 1 1 1 r/m 


1 1 1 00 V w 


mod r/m 


1 1 1 00 V w 


mod 1 r/m 


1 1 1 V w 


mod 1 r/m 


1 1 1 V w 


mod Oil r/m 



1 d V 



1 1 w 



ED 



TEST = And function to flags, no result: 

Register/memory and register 
Immediate data and register/memory 
Immediate data and accumulator 

OR = Or: 

Reg. /memory and register to either 
Immediate to register/memory 
Immediate to accumulator 

XOR = Exclusive or: 

Reg./memory and register to either 
Immediate to register/memory 
Immediate to accumulator 



STRING MANIPULATION 

BEP'^Repeat 
MOVS=llAove byte/word 
CIMPS=Compare byte/word 
SCAS=Scan byte/word 
LODS=Load byte/wd to AL/AX 
STDS=Stor byte/wd from AL/A 



1 1 w 


mod reg r/m 








1 1 1 1 1 1 w 


modOOO r/m 


data 


data If w=l 1 


■■■■ 


1 1 1 00 w 


data 


data if w=1 




I^^^H 






l^H 


1 d w 


mod reg r/m 


K^l 


1 w 


modO 1 r/m 


data 


dataifw=1 1 


■I^^H 


1 1 w 


data 


data if w=1 







1 1 d w 


mod reg r/m 






1 w^ 


mod 110 r/m 


data 


data if w=l | 


1 1 1 w 


data 


data if w=1 





1 1 1 1 1 z 


10 10 10 


w 


10 10011 


w 


1010 111 


w 


10 10110 


w 


10 10 10 1 


w 
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CONTROL TRANSFER 
CALL - Call: 

Direct within segment 
Indirect within segment 
Direct intersegment 

Indirect intersegment 

JMP = Unconditional Jump: 

Direct within segment 
Direct within segment-short 
Indirect within segment | 

Direct intersegment 

Indirect intersegment 

RET = Return from CALL: 

Within segment 

Within sag. adding immed to SP 

Intersegment 

Intersegment, adding immediate to SP 

JE/JZ=Jump on equal /zero 

JL/JNGE=Jump on less/not greater 

or equal 
JLE/JNG=Jump on less or equal/not 

greater 
JB/JNAE=Jump on below/not above 

or equal 
JBE/JNA=Jump on below or equal/ 

not above 
JP/JPE=Jump on parity/parity even 

JO=Jump on overflow 

JS=Jump on sign 

JHE/JNZ=Jump on not equal/not zero 
JHL/JGE=Jump on not less/greater 

or equal 
JNLE/JG=Jump on not less or equal/ 

greater 



76543210 76543210 76543210 



1110 10 


disp-low 


disp-high 1 


11111111 


mod 10 r/m 




10 110 10 


offset-low 


offset-high | 




seg-low 


seg-high | 


11111111 


mod Oil r/m 





1110 10 1 


disp-low 


disp-high 


1110 10 11 


disp 




11111111 


mod 1 r/m 




1110 10 10 


offset-low 


offset-high 




seg-low 


seg-high 


11111111 


mod 10 1 r/m 





110 11 






110 10 


data-low | data-high | 


11001011 




11001010 


data-low 


data-high | 


1110 10 


disp 




111110 


disp 




1111110 


disp 




1110010 


disp 




1110 110 


disp 




11110 10 


disp 




1110 


disp 




11110 


disp 




1110 10 1 


disp 




111110 1 


disp 




1111111 


disp 





JNB/JAE=Jump on not below/above 

or equal 
JNBE/JA=Jump on not below or 

equal/above 
JNP/JP0=Jump on not par/par odd 

JN0=Jump on not overflow 
JNS=Jump on not sign 
L00P=Loop CX times 
L00PZ/L00PE=Loop while zero/equal 
L00PNZ/L00PNE=Loop while not 

zero/equal 
JCXZ-Jump on CX zero 

INT = Interrupt 

Type specified 

Type 3 

INTO=lnterrupt on overflow 

IRET=lnterrupt return 



PROCESSOR CONTROL 

CLC=Clear carry 

CMC=Complement carry 

STC=Set carry 

CLD=Clear direction 

STD=Set direction 

CLI=Clear interrupt 

STI=Set interrupt 

HLT=Halt 

WAIT=Wait 

ESC=Escape (to external device) 

LOCK=Bus lock prefix 



7 6 5 4 3 2 10 7 6543210 



1110 11 


disp 


1110 111 


disp 


11110 11 


disp 


1110001 


disp 


11110 1 


disp 


1110 10 


disp 


1110 1 


disp 


1110 


disp 


1110 11 


disp 



110 110 1 


type 1 


110 110 




110 1110 




110 1111 





11111000 




11110 10 1 




11111001 




11111100 




1111110 1 




111110 10 




111110 11 




11110 10 




10 110 11 




110 11 XXX 


mod X X X r/m 1 


11110 






Footnotes: 

AL = 8-bit accumulator 

AX = 16-bit accumulator 

CX = Count register 

DS = Data segment 

ES = Extra segment 

Above/below refers to unsigned value. 

Greater = more positive; 

Less = less positive (more negative) signed values 

if d = 1 then "to" reg; if d = then "from" reg 

if w = 1 then word instruction; if w = then byte instruction 



if s:w = 01 then 16 bits of immediate data form the operand, 
if s:w = 11 then an immediate data byte is sign extended to 

form the 16-bit operand, 
if V = then ' 'count' ' = 1 ; if v = 1 then "count' ' in (CL) 
x = don't care 

z is used for string primitives for comparison withZF FLAG. 
SEGMENT OVERRIDE PREFIX 



|0 1 reg 1 1 0| 



if mod = 11 then r/m is treated as a REG field 

if mod = 00 then DISP = 0*, disp-low and disp-high are absent 

= 01 then DISP = disp-low sign-extended to 16-bits, disp-high is absent 
= 10 then DISP = disp-high: disp-low 
= 000 then EA = (BX) + (SI) + DISP 
= 001 then EA = (BX) + (Dl) + DISP 
= 010 then EA = (BP) + (SI) + DISP 
= (BP) + (Dl) + DISP 
= (SI) + DISP 
= (Dl) + DISP 
= (BP) + DISP* 
if r/m = 111 then EA = (BX) + DISP 
DISP follows 2nd byte of instruction (before aata if required) 



REG is assigned according to the following table; 



if mod = 

if mod = 

if r/m = 

if r/m = 

if r/m = 

if r/m = 011 then EA = 

if r/m = 100 then EA = 

if r/m = 101 then EA = 

if r/m = 110 then EA = 



16-Blt (w = 1) 


8-Bit |w = 0) 


Segment 


000 AX 


000 AL 


00 ES 


001 CX 


001 CL 


01 CS 


010 DX 


010 DL 


10 SS 


Oil BX 


011 BL 


11 OS 


100 SP 


100 AH 




101 BP 


101 CH 




110 SI 


110 DH 




111 Dl 


111 BH 





•except if mod = 00 and r/m = 110 then EA = disp-high; disp-low. 



Instructions which reference the flag register file as a 16-bit object use the symbol FLAGS to 
represent the file; 

FLAGS = X;X;X;X;(OF);(DF);(IF);(TF);(SF);(ZF);X;(AF):X;(PF);X:(CF) 



Mnemonlcs©lntel, 1978 
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8282/8283 
OCTAL LATCH 



■ Fully Parallel 8-Bit Data Register and 
Buffer 

■ Transparent during Active Strobe 

■ Supports 8080, 8085, 8048, and 8086 
Systems 

■ High Output Drive Capability for 
Driving System Data Bus 





%| 




;^);., '^ 



3-State Outputs 

20-Pin Package with 0.3" Center 



No Output Low Noise when Entering 
or Leaving High Impedance State 



The 8282 and 8283 are 8-bit bipolar latches with 3-state output buffers. They can be used to implement latches, buffers, 
or multiplexers. The 8283 inverts the input data at its outputs while the 8282 does not. Thus, all of the principal periph- 
eral and input/output functions of a microcomputer system can be implemented with these devices. 



PIN CONFIGURATIONS 



PIN NAMES 



DI0-DI7 


DATA IN 


DO0-DO7 


DATA OUT 


61 


OUTPUT ENABLE 


STB 


STROBE 



LOGIC DIAGRAMS 





10-23 



8282/8283 



4#^ 



^fc 



PIN DEFINITIONS 

Pin 



Description 



STB STROBE (Input). STB is an input control 

pulse used to strobe data at the data input 
pins (Ao-^7) into the data latches. This 
signal is active HIGH to admit input data. 
The data is latched at the HIGH to LOW 
transition of STB. 

51 OUTPUT ENABLE (Input). 5e is an input 

control signal which when active LOW 
enables the contents of the data latches 
onto the data output pin (B0-B7). OE being 
Inactive HIGH forces the output buffers to 
their high impedance state. 

Dlo~Dl7 DATA INPUT PINS (Input). Data presented 
at these pins satisfying setup time re- 
quirements when STB is strobed and 
latched Into the data input latches. 



DO0-DO7 DATA OUTPUT PrN^;|aMj3fat|^\Mmn OE is 

J8282)_ true, the data in the da|a lat(*l||%|vpre- 

DO0-DO7 sented as Inverted (8283) b| hoin-fyS^II 

(8283) (8282) data onto the data output j>!n^, ^4^ 



OPERATIONAL DESCRIPTION 

The 8282 and 8283 octal latches are 8-bit latches with 
3-state output buffers. Data having satisfied the setup 
time requirements is latched into the data latches by 
strobing the STB line HIGH to LOW. Holding the STB 
line In its active HIGH state makes the latches appear 
transparent. Data is presented to the data output pins by 
activating the OE input line. When OE is inactive HIGH 
the output buffers are in their high impedance state. 
Enabling or disabling the output buffers will not cause 
negative-going transients to appear on the data output 
bus. 



D.C. AND OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS'^ 

Temperature Under Bias 0^*0 to 70*0 

Storage Temperature -es^C to + 150*C 

All Output and Supply Voltages - 0.5V to 4- 7V 

All Input Voltages - 1.0V to -j- 5.5V 

Power Dissipation 1 Watt 



^COMMENT: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect device reliability. 



D.C. CHARACTERISTICS FOR 8282/8283 
Conditions: Vcc = 5V±5%, Ta=0''C to 70 "C 



Symbol 


Parameter 


Min 


Max 


Units 


Test CondUions 


Vc 


input Clamp Voltage 




-1 


V 


Ic = - 5 mA 


he 


Power Supply Current 




160 


mA 




«F 


Forward Input Current 




-0.2 


mA 


Vp = 0.45V 


Ir 


Reverse Input Current 




60 


mA 


Vr = 5.25V 


Vol 


Output Low Voltage 




0.50 


V 


loL = 32 mA 


VOH 


Output High Voltage 


2.4 




V 


'oh = ~ 5 mA 


«OFF 


Output Off Current 




±50 


mA 


VoFF = 0.45 to 5.25V 


V,L 


Input Low Voltage 




0.8 


V 


Vcc = 5.0V See Note 1 


V|H 


Input High Voltage 


2.0 




V 


Vcc = 6-OV See Note 1 


C|N 


input Capacitance 




12 


PF 


F=1 MHz 

Vbias = 2.5V, Vcc =5V 

Ta = 25X 


Notes: 1. Output Lo 


ading loL = 32 mA, Iqh* -5 mA, Cl 


= 300pF 
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A.C. CHARACTERISTICS FOR 8282/8283 

Conditions: Vcc = 5V ± 5%, Ta = 0°C to TCC 

Loading: Outputs — Iql = 32 mA, Iqh = - 5 mA, Cl = 300 pF 



Symbol 


Parameter 


Min 


Max 


Units 


Test Conditions 


TIVOV 


Input to Output Delay 
—Inverting 
— Non-lnvertmg 




25 
35 


ns 
ns 


(See Note 1) 


TSHOV 


STB to Output Delay 
—Inverting 
—Non-Inverting 




45 
55 


ns 
ns 




TEHOZ 


Output Disable Time 




25 


ns 




TELOV 


Output Enable Time 


10 


50 


ns 




TIVSL 


Input to STB Setup Time 







ns 




TSLIX 


Input to STB Hold Time 


25 




ns 




TSHSL 


STB High Time 


15 




ns 





NOTE: 1. See waveforms and test load circuit on following page. 



8282/8283 TIMING 



X 



X 



-TIVSL ^ 



1 



X 



i \ 

HOZU- TELOV-"- 



NOTE: 1. 8283 ONLY - OUTPUT MAY BE MOMENTARILY INVALID FOLLOWING THE HIGH GOING STB TRANSITION. 
2. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED 
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OUTPUT DELAY VS. CAPACITANCE 



•'''.■ :f .•■ 






50 


"~ 






8283 




40 


- 




- 30 


_ 




>• 






< 


















O 






20 




^^2225^^--^ 


10 


1 


III! 




200 400 600 800 1000 



J \ \ L 



200 400 600 800 1000 



pF LOAD 



pF LOAD 



OUTPUT TEST LOAD CIRCUITS 



3STATE TO Vql 



300 pF 



3STATE TO Vqh 



::p 300 pF 
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8284 

CLOCK GENERATOR AND DRIVER 

FOR 8086 CPU 



Generates the System Clock for the 
8086 

Uses a Crystal or a TTL Signal for Fre- 
quency Source 

Single + 5V Power Supply 

18-Pin Package 



Generates System Reset Output from 
Schmitt Trigger Input 

Provides Local Ready and MULTIBUS^*^ 
Ready Synchronization 

Capable of Clock Synchronization with 
other 8284's 



The 8284 is a bipolar clock generator/driver designed to provide clock signals for the 8086 CPU and peripherals. It also 
contains READY logic for operation with two MULTIBUS"'"'^ systems and provides the 8086's required READY synchro- 
nization and timing. Reset logic with hysteresis and synchronization is also provided. 



8284 PIN CONFIGURATION 



8284 BLOCK DIAGRAM 



CYSNCH 1 
PCLKC 2 
AENld 3 
RDY1 C 4 
READY \Z 5 
RDY2 C 6 
AEN2II 7 
CLK Q 8 
GNDC 9 



18 HVcc 
17 I]X1 
16 3X2 
15 UTNK 
14 DEFI 
13 UF/C 
12 D OSC 
11 ;^RES 
10 J RESET 




XI 1 

X2) 

TANK 

F/C 

EFI 

CSYNC 

RDY1 \ 

RDY2 I 

AEN1 I 

AEN2I 

RES 

RESET 

OSC 

CLK 

PCLK 

READY 

VCC 

GND 



8284 PIN NAMES 



CONNECTIONS FOR CRYSTAL 

USED WITH OVERTONE CRYSTAL 
CLOCK SOURCE SELECT 
EXTERNAL CLOCK INPUT 
CLOCK SYNCHRONIZATION INPUT 

READY SIGNAL FROM TWO MULTIBUS^" SYSTEMS 



ADDRESS ENABLED QUALIFIERS FOR RDY1,2 

RESET INPUT 

SYNCHRONIZED RESET OUTPUT 

OSCILLATOR OUTPUT 

MOS CLOCK FOR 8086 

TTL CLOCK FOR PERIPHERALS 

SYNCHRONIZED READY OUTPUT 

+ 5 VOLTS 

VOLTS 
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PIN DEFINITIONS 

Pin I/O 



Pin 



i/0 



OefinitidD! 



Definition 



AEN1 , I ADDRESS ENABLE. AEN is an active 
AEN2 LOW signal. AEN serves to qualify its 

respec tive B us Ready Signal (RD Y1 or 
RDY2). AEN1 validates RDY1 while AEN2 
validates RDY2. Two AEN signal inputs 
are useful in system configurations 
which permit the processor to access 
two Multi-Master System Busses. In non 
Multi-Master configurations the AEN 
signal inputs are tied true (LOW). 

RDY1 , I BUS READY (Transfer Complete). RDY is 
RDY2 an active HIGH signal which is an indica- 

tion from a device located on the system 
data bus that data has been receiv ed, or 
is available. RDY1 is quali fied by AEN1 
while RDY2 is qualified by AEN2. 

READY O READY. READY is an active HIGH signal 
which is the synchronized RDY signal in- 
put. Since RDY occurs asynchronously 
with respect to the processor's clock 
(CLK) it is necessary for them to be syn- 
chronized before being presented to the 
processor. READY is cleared after the 
guaranteed hold time to the processor 
has been met. 

CRYSTAL IN. X1 and X2 are the pins to 
which a crystal is attached with TNK 
(TANK) serving as the overtone input. 
The crystal frequency is 3 times the 
desired processor clock frequency. 

FREQUENCY/CRYSTAL SELECT. F/C is 
a strapping option. When strapped LOW, 
F/C permits the processor's clock to be 
generated by the crystal. When F/C is 
strapped HIGH, CLK is generated from 
the EFI input. 

EFI I EXTERNAL FREQUENCY IN. When F/C 

is strapped HIGH, CLK is generated from 
the input frequency appearing on this 
pin. The input signal is a square wave 3 
times the frequency of the desired CLK 
output. 

CLK PROCESSOR CLOCK. CLK is the clock 

output used by the processor and all 
devices which directly connect to the 
processor's local bus (I.e., the bipolar 
support chips and other MOS devices). 
CLK has an output frequency which is 
1/3 of the crystal or EFI input frequency 
and a 1/3 duty cycle. An output HIGH of 
4.5 volts (Vcc = 5V) is provided on this 
pin to drive MOS devices. 

PCLK O PERIPHERAL CLOCK. PCLK is a TTL 
level peripheral clock signal whose out- 
put frequency is 1/2 that of CLK and has 
a 50% duty cycle. 



XI, X2, 
TNK 



F/C 



osc 



RES 



RESET 



CSYNC I 



GND 
Vcc 



OSCILLATOR OUTPUt OSC Itl^TTL 
level output of the internal oscilial#ir:;0lr- 
cuitry. Its frequency is equa^to tharof; J 
the crystal. 

RESET IN. RES is an active LOW signal 
which is used to generate RESET. The 
8284 provides a Schmitt trigger input so 
that an RC connection can be used to 
establish the power-up reset of proper 
duration. 

RESET. Reset is an active HIGH signal 
which is used to reset the 8086 family 
processors. Its ti ming characteristics 
are determined by RES. 

CLOCK SYNCHRONIZATION. CSYNC is 
an active HIGH signal which allows mul- 
tiple 8284's to be synchronized to pro- 
vide clocks that are in phase. When 
CSYNC is HIGH the internal counters are 
reset. When CSYNC goes LOW the in- 
ternal counters are allowed to resume 
counting. CSYNC needs to be externally 
synchronized to EFI. When using the in- 
ternal oscillator CSYNC should be hard- 
wired to ground. 

Ground 

-I-5V supply 



FUNCTIONAL DESCRIPTION 



GENERAL 

The 8284 is a single chip clock generator/driver for the 
8086 CPU. The chip contains a crystal controlled 
oscillator, a "divide by three" counter, complete MULTI- 
BUSTM "Ready" synchronization and reset logic. 



OSCILLATOR 

The oscillator circuit of the 8284 is designed primarily 
for use with an external series resonant, fundamental 
mode, crystal from which the basic operating frequency 
is derived. However, overtone mode crystals can be 
used with a tank circuit as shown in Figure 1. 



The crystal frequency should be selected at three times 
the required CPU clock. Xi and X2 are the two crystal 
input crystal connections. 



The output of the oscillator is buffered and brought out 
on OSC so that other system timing signals can be 
derived from this stable, crystal-controlled source. 
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"►OSC 
-CLK 
► PCLK 



, USED WITH OVERTONE 
' CRYSTALS ONLY 



The tank input to the oscillator allows the use of overtone mode crys- 
tals. The tank circuit shunts the crystal's fundamental and high overtone 
frequencies and allows the third harmonic to oscillate. The external LC 
network is connected to the TANK input and is AC coupled to ground. 



Figure 1 



CLOCK GENERATOR 

The clock generator consists of a synchronous divide- 
by-three counter with a special clear input that Inhibits 
the counting. This clear input (CSYNC) allows the out- 
put clock to be synchronized with an external event 
(such as another 8284 clock). It is necessary to synchro- 
nize the CSYNC input to the EFI clock external to the 
8284. This is accomplished with two Schottky flip-flops. 
(See Figure 2.) The counter output is a 33% duty cycle 
clock at one-third the input frequency. 

The F/C input is a strapping pin that selects either the 
crystal oscillator or the EFI input as the clock for the -^ 3 
counter. If the EFI input is selected as the clock source, 
the oscillator section can be used independently for 
another clock source. Output is taken from OSC. 




1-* (TO OTHER 82848) 



Figure 2. CSYNC Synchronization 



CLOCK OUTPUTS 

The CLK output is a 33% duty cycle MOS clock driver 
designed to drive the 8086 processor directly. PCLK is a 
TTL level peripheral clock signal whose output fre- 
quency is 1/2 that of CLK. PCLK has a 50% duty cycle. 

RESET LOGIC 

The reset logic provides a Schmitt trigger input (RES) 
and a synchronizing flip-flop to generate the reset tim- 
ing. The reset signal is synchronized to the falling edge 
of CLK. A simple RC network can be used to provide 
power on reset by utilizing this function of the 8284. 

READY SYNCHRONiZATION 

Two READY inputs (RDY1, RDY2) are provided to 
accomomodate two Multi- Mast er sys tem busses. Each 
input has a qualifier (AEN1 and AEN2, respectively). The 
AEN signals validate their respective RDY sig nals. If a 
Multi-Master system is not being used the AEN pin 
should be tied LOW. 

The READY output Is an active HIGH signal which is the 
synchronized RDY1 or RDY2 input. Since RDY1 and 
RDY2 occur asynchronously with respect to the proces- 
sor's clock (CLK), it is necessary to synchronize them 
before presenting them to the processor to insure they 
meet the required set-up time. The READY logic does 
this job and also guarantees the required hold time 
before clearing the READY signal. 




D.C. AND OPERATING CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS* 



Temperature Under Bias 0*Cto70**C 

Storage Temperature -SS^C to + ISO'C 

All Output and Supply Voltages - 0.5V to + 7V 

All Input Voltages - 1.0V to -h5.5V 

Power Dissipation 1 Watt 



*COMMENT: Stresses above those listed under "Absolute Maximunn 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect device reliability. 
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D.C. CHARACTERISTICS FOR 8284 

Conditions: Ta = OX to 70X; Vcc = 5V± 10% 


Symbol 


Parameter 


Min 


Max 


Units 


Test Conditions 


If 


Forward Input Current 




-0.5 


mA 


Vf = 0.45V 


Ir 


Reverse Input Current 




50 


mA 


Vr= 5.25V 


Vc 


Input Forward Clamp Voltage 




-1.0 


V 


lc= -5 mA 


Ice 


Power Supply Current 




140 


mA 




V,L 


Input LOW Voltage 




0.8 


V 


Vcc = 5.0V 


V,H 


Input HIGH Voltage 


2.0 




V 


Vcc=50V 


V.Hr 


Reset Input HIGH Voltage 


2.6 




V 


Vcc=5.0V 


Vol 


Output LOW Voltage 




0.45 


V 


5 mA 


VOH 


Output HIGH Voltage CLK 
Other Outputs 


4 
2.4 




V 
V 


-1 mA 
-1mA 


V|HR-V,Lp 


RES Input Hysteresis 


0.25 




V 


Vcc=5.0V 



A.C. CHARACTERISTICS FOR 8284 

Conditions: Ta = 0°C to 70X; Vcc = 5V± 10% 
TIMING REQUIREMENTS 



Symbol 


Parameter 


Min 


Max 


Units 


Test Conditions 


TEHEL 


External Frequency High Time 


20 




ns 




TELEH 


External Frequency Low Time 


20 




ns 




TELEL 


EFI Period 


TEHEL + TELEH -f-d 




ns 


(Note 1) 




XTAL Frequency 


12 


25 


MHz 




TR1VCL 


RDY1,RDY2Set-UptoCLK 


35 




ns 




TCLR1X 


RDY1, RDY2Hold to CLK 







ns 




TA1VR1V 


AEN1, AEN2 Set-Up to RDY1, RDY2 


15 




ns 




TCLA1X 


AEN1, AEN2Hold toCLK 







ns 




TYHEH 


CSYNC Set-Up to EFI 


20 




ns 




TEHYL 


CSYNC Hold to EFI 


20 




ns 




TYHYL 


CSYNC Width 


2TELEL 




ns 




TI1HCL 


RES Set-Up to CLK 


65 




ns 


(Note 2) 


TCLI1H 


RES Hold to CLK 


20 




ns 


(Note 2) 



TIMING RESPONSES 



Symbol 


Parameter 


Min 


Max 


Units 


Test Conditions 


TCLCL 


CLK Cycle Period 


125 




ns 




TCHCL 


CLK High Time 


(V3 TCLCL) +2.0 




ns 


Fig. 3 & Fig. 4 


TCLCH 


CLK Low Time 


(2/3TCLCL)-15.0 




ns 


Fig. 3 & Fig. 4 


TCH1CH2 
TCL2CL1 


CLK Rise and Fall Time 




10 


ns 


1.0V to 3.5V 


TPHPL 


PCLK High Time 


TCLCL- 20 




ns 




TPLPH 


PCLK Low Time 


TCLCL -20 




ns 




TRYLCL 


Ready Inactive to CLK (See Note 4) 


-8 




ns 


Fig. 5 & Fig. 6 


TRYHCH 


Ready Active to CLK (See Note 3) 


(2/3TCLCL)-15.0 




ns 


Fig. 5 & Fig. 6 


TCLIL 


CLK to Reset Delay 


40 




ns 





Notes: 1.d=EFI rise + EFI fall. 

2. Set up and hold only necessary to guarantee recognition at next clock. 

3. Applies only to T3 and TW states. 

4. Applies only to T2 states. 
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ALL TIMING MEASUREMENTS ARE MADE AT 1.5 VOLTS, UNLESS OTHERWISE NOTED 



A.C. TEST CIRCUITS 




Figure 3. Clock High and Low Time 



PULSE 
GENERATOR 






EFI 
CSYNC 

F/e 


CLK 




LOAD 
(SEE NOTE 1) 







































Figure 4. Clock High and Low Time 



i 
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F/C 
AENi 

Xi 
X2 

RDY2 

AEN2 
CSYNC 


CLK 

READY 
OSC 




LOAD 
(SEE NOTE 2) 














5pF 






-xHh- 

24 MHz CZH 




LOAD 
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PULSE 
GENERATOR 
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AEN1 
EFI CLK 



RDY2 

AEN2 

F/C 

CSYNC READY 



LOAD 
(SEE NOTE 2) 



LOAD 
(SEE NOTE 2) 



Figure 5. Ready to Clock 



Figure 6. Ready to Cloci( 



FROM OUTPUT 
UNDER TEST 



TEST 

POINT Vcc 



ALL DIODES 1N3064 
OR EQUIVALENT 



H<-H>H>h 



:Cl 
(SEE NOTE 3) 



NOTES: 1.Cl=100pF 

2. Cl = 30pF 

3. Cl includes probe and jig CAPACITANGE 
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8286/8287 
OCTAL BUS TRANSCEIVER 



' * -hj, 



"%«v5^:V^." "^ 



■ Data Bus Buffer Driver for MCS-86''^^, 
MCS-8OTM, MCS-85T»^, and MCS-48TM 
Families 

■ High Output Drive Capability for 
Driving System Data Bus 

■ Fully Parallel 8-Bit Transceivers 






m 3-State Outputs 

■ 20-Pin Package with 0.3" Center 

■ No Output Low Noise when Entering 
or Leaving High Impedance State 



The 8286 and 8287 are 8-bit bipolar transceivers with 3-state outputs. The 8287 Inverts the Input data at its outputs 
while the 8286 does not. Thus, a wide variety of applications for buffering In microcomputer systems can be met. 



PIN CONFIGURATIONS 



LOGIC DIAGRAMS 



AOC 
AlC 
A2C 
A3I: 
AaC 
A5C 

AeC 

A7C 

61C 

gndC 



20 

19 

18 

17 

16 
8286 

6 15 

7 14 

8 13 
12 



DVCC 
HBo 

DBl 

DBS 
DB4 
DBS 
DB6 
DB7 
DT 



AoC 
AlL 
A2C 
A3C 
A4C 
AsC 

AeC 

A7C 

oeC 

gndC 



5 16 

8287 

15 



HVCC 

DS2 
DB3 
jn 

DB7 

DT 






1 



^ 



^ 



1 



._r 



H 



E3-I' 
E3-I" 



t^ 



4 









H 



PIN NAMES 



A0-A7 


LOCAL BUS DATA 


B0-B7 


SYSTEM BUS DATA 


OE 


OUTPUT ENABLE 


T 


TRANSMIT 
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8286/8287 



PIN DEFINITIONS 

Pin 



OE 



A0-A7 



Description 



TRANSMIT (Input). T Is an Input control 
signal used to control the direction of the 
transceivers. When HIGH, it configures the 
transceiver's B0-B7 as outputs with A0-A7 
as inputs. T LOW configures A0-A7 as the 
outputs with B0-B7 serving as the inputs. 

OUTPUT ENABLE (Input). OE is an input 
control signal used to enable the appropri- 
ate output driver (as selected by T) onto its 
respective bus. This signal is active LOW. 



LOCAL BUS DATA PINS (Input/Output). 
These pins serve to either present data to 
or accept data from the processor's local 
bus depending upon the state of the T pin. 



B0-B7 SYSTEM BUS DATA PINS fInput/Output). 

(8286) These pins serve to either presgnt data to 
B0-B7 or accept data from the system biis de- 

(8287) pending upon the state of the T pin, 



OPERATIONAL DESCRIPTION 

The 8286 and 8287 transceivers are 8-bit transceivers 
with high impedance outputs. With T active HIGH and 
OE active LOW, data at the A0-A7 pins Is^rlven onto the 
B0-B7 pins. With T inactive LOW and OE active LOW, 
data at the B0-B7 pins is driven onto the A0-A7 pins. No 
output low glltching will occur whenever the trans- 
ceivers are entering or leaving the high impedance 
state. 



D.C. AND OPERATING CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias 0'Cto70''C 

Storage Temperature -esX to -f 150*'C 

All Output and Supply Voltages - 0.5V to + 7V 

All Input Voltages - 1.0V to + 5.5V 

Power Dissipation 1 Watt 



*COMMENT: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect device reliability. 



D.C. CHARACTERISTICS FOR 8286/8287 
Conditions: Vcc = 5V ±5%, Ta = OXto/CC 



■ 



Symbol 


Parameter 


Min 


Max 


Units 


Test Conditions 


Vc 


Input Clamp Voltage 




-1 


V 


lc = -5mA 


Ice 


Power Supply Current— 8287 
-8286 




130 
160 


mA 
mA 




If 


Forward Input Current 




-0.2 


mA 


Vf = 0.45V 


«R 


Reverse Input Current 




50 


mA 


Vr= 5.25V 


Vol 


Output Low Voltage — B Outputs 
—A Outputs 




0.5 
0.5 


V 
V 


loL = 32 mA 
loL=10mA 


Vqh 


Output High Voltage —B Outputs 
—A Outputs 


2.4 
2.4 




V 
V 


loH = -5 mA 
loH = -1 mA 


'off 
'off 


Output Off Current 
Output Off Current 




If 
Ir 




Voff = 0.45V 
Voff= 5.25V 


V,L 


Input Low Voltage —A Side 
-BSide 




0.8 
0.9 


V 
V 


Vcc = 5.0V, See Note 1 
Vcc = 5.0V, See Note 1 


V,H 


Input High Voltage 


2.0 




V 


Vcc = 5.0V, See Note 1 


C|N 


Input Capacitance 




12 


PF 


F=1 MHz 

Vb.as = 2.5V, Vcc =5V 


Note: 1. B Outputs — loL= 32 mA, loH = -5mA, CL=300pF A Outputs — loL = 10 mA, loH = -'' "^A, CL=100pF 
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8286/8287 



A.C. CHARACTERISTICS FOR 8286/8287 

Conditions: Vqc = 5V ±5%, Ta = 0Xto70X 
Loading: B Outputs — Iql = 32 mA, Iqh = -5 mA, Cl = 300 pF 
A Outputs — Iql = 10 mA, Iqh = - 1 mA, Cl - 100 pF 



Symbol 


Parameter 


Min 


Max 


Units 


Test Conditions 


TIVOV 


Input to Output Delay 
Inverting 
Non-Inverting 




25 
35 


ns 
ns 


(See Note 1) 


TEHTV 


Transmit/Receive Hold Time 


TEHOZ 




ns 




TTVEL 


Transmit/Receive Setup 


30 




ns 




TEHOZ 


Output Disable Time 




25 


ns 




TELOV 


Output Enable Time 


10 


50 


ns 





Note: 1. See waveforms and test load circuit on following page. 



8286/8287 TIMING 



SI 



X 



X 



/ 



1 



TEHOZ h^ TELOV - 

\voH-0.5V 



< 



X 



NOTE: 1. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED. 
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OUTPUT DELAY VS. CAPACITANCE 




200 400 600 800 1000 

pF LOAD 




200 400 600 800 1000 



pF LOAD 



TEST LOAD CIRCUITS 



^300 pF 



3-STATE TO Vql 



B OUTPUT 



OUTO (. 



^ 100 pF 
3STATE TO Vql 

A OUTPUT 



^T^ 300 pF 



B OUTPUT 



::?::300pF 

3STATE TO Vqh 

B OUTPUT 



OUTO 1» 



:jZ 100 pF 

3-STATE TO Vqh 

A OUTPUT 



q=: 100 pF 

SWITCHING 

A OUTPUT 
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Intel 



8288 
BUS CONTROLLER FOR THE 8086 CPU 



Bipolar Drive Capability 
Provides Advanced Commands 



3-State Command Output Drivers 
Configurable for Use with an I/O Bus 



Provides Wide Flexibility in System 
Configurations 



Facilitates Interface to One or Two 
Multi-Master Busses 



The Intel® 8288 Bus Controller is a 20-pin bipolar component for use with medium-to-large 8086 processing systems. 
The bus controller provides command and control timing generation as well as bipolar bus drive capability while 
optimizing system performance. 

A strapping option on the bus controller configures it for use with a multi-master system bus and separate I/O bus. 



BLOCK DIAGRAM 



8086 J -g- _ 
STATUS I _L 
S2- 



CONTROL 
INPUT 



CLK- 
AEN- 
CEN- 
lOB- 



STATUS 
DECODER 



CONTROL 
LOGIC 



COM- 
MAND 
SIGNAL 
GENER- 
ATOR 



CONTROL 
SIGNAL 
GENER- 
ATOR 



- MRDC 

► MWTC 

- AMWC 

- lORC 

► lOWC 

- AlOWC 

- INTA 



► DT/R \ 

- DEN ( 

- MCE/PDEN I 
^ ALE ' 



MULTIBUS^" 

COMMAND 

SIGNALS 



ADDRESS LATCH, DATA 
TRANSCEIVER, AND 
INTERRUPT CONTROL 
SIGNALS 



PIN CONFIGURATION 



iobC 
clkC 

Sid 

dt/rC 
aleC 
aenC 

MRDCC 
AMWCC 
MWTCC 

gndC 



Dvcc 
Uso 

H S2 

U MCE/PDEN 

H DEN 

HCEN 

DTnta 

HlORC 
3 AlOWC 

Diowc 



FUNCTIONAL PINOUT 

GND Vcc 



PROCESSOR 
STATUS 



CONTROL 
INPUT 







§5 


AlOWC 


s^ 


AMWC 


S2 


lOWC 




MWTC 




MRDC 


AEN 


8288 '""^ 
INTA 


CLK 




lOB 


DT/R 


CEN 


ALE 




MCE/PDEN 




DEN 



COMMAND 
BUS 



i\ 



CONTROL 
OUTPUT 
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PIN DEFINITIONS 



Name 



I/O 



Function 



Name 


I/O Function 


AlOWC 


Vcc 


+ 5V supply. 




GND 


Ground. 




Sq, S-|, S2 


1 Status Input Pins: These pins are the 





CLK 



ALE 



DEN 



DT/R 



AEN 



■ 



GEN 



lOB 



status input pins from the 8086 proc- 
essor. The 8288 decodes these in- 
puts to generate command and con- 
trol signals at the appropriate time. 
When these pins are not in use (pas- 
sive) they are all HIGH. (See chart 
under Command and Control Logic.) 

Clock: This is a clock signal from the 
8284 clock generator and serves to 
establish when command and con- 
trol signals are generated. 
Address Latch Enable: This signal 
serves to strobe an address Into the 
address latches. This signal is active 
HIGH and latching occurs on the fall- 
ing (HIGH to LOW) transition. ALE is 
intended for use with transparent D 
type latches. 

Data Enable: This signal serves to 
enable data transceivers onto either 
the local or system data bus. This 
signal Is active HIGH. 

Data Transmit/Receive: This signal 
establishes the direction of data 
flow through the transceivers. A 
HIGH on this line indicates Transmit 
(write to I/O or memory) and a LOW 
indicates Receive (Read). 

Address Enable: AEN enables com- 
mand outputs of the 8288 Bus Con- 
troller at least 85 n s after it becomes 
active (LOW). AEN going inactive im- 
mediately 3- state s the command out- 
put drivers. AEN does not affect the 
I/O command lines if the 8288 Is in 
the I/O Bus mode (lOB tied HIGH). 

Command Enable: When this signal 
is LOW all 8288 command outputs 
and the DEN and PDEN control out- 
puts are forced to their inactive 
state. When this signal is HIGH, 
these same outputs are enabled. 

Input/Output Bus Mode: When the 
lOB is strapped HIGH the 8288 func- 
tions in the I/O Bus mode. When it is 
strapped LOW, the 8288 functions in 
the System Bus mode. (See sections 
on I/O Bus and System Bus modes). 



lOWC 



lORC 



AMWC 



MWTC 



MRDC 



INTA 



MCE/PDEN 



Advanced I/O Write Command: The,; 
AlOWC Issues an I/O Write Com^ 
mand earlier in the machine cycle to 
give I/O devices an early Indication 
of a write instruction. Its timing is 
the sam e as a read command signal. 
AlOWC is active LOW. 

I/O Write Command: This command 
line instructs an I/O device to read 
the data on the data bus. This signal 
Is active LOW. 

I/O Read Command: This command 
line instructs an I/O device to drive 
its data onto the data bus. This 
signal is active LOW. 

Adva nced M emory Write Command: 
The AMWC Issues a memory write 
command earlier in the machine cy- 
cle to give memory devices an early 
Indication of a write instruction. Its 
timing is the same as a read com- 
mand signal. AMWC is active LOW. 

Memory Write Command: This com- 
mand line Instructs the memory to 
record the data present on the data 
bus. This signal is active LOW. 

Memory Read Command: This com- 
mand line instructs the memory to 
drive Its data onto the data bus. This 
signal is active LOW. 

Interrupt Acknowledge: This com- 
mand line tells an interrupting device 
that its interrupt has been acknowl- 
edged and that it should drive vector- 
ing information onto the data bus. 
This signal is active LOW. 

This is a dual function pin. 
MCE (lOB Is tied LOW): Master Cas- 
cade Enable occurs during an inter- 
rupt sequence and serves to read a 
Cascade Address from a master PIC 
(Priority Interrupt Controller) onto 
the data bus. The MCE signal Is ac- 
tive H IGH. 

PDEN (lOB Is tied HIGH): Peripheral 
Data Enable enables the data bus 
transceiver for the I/O bus during I/O 
instructions. It performs the same 
function for the 1/0 bus that DEN p er- 
forms for the system bus. PDEN is 
active LOW. 
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COMMAND AND CONTROL LOGIC 

The comnnancMogic decodes the three 8086 CPU status 

lines (So, Si, S2) to determine what command is to be 

issued. 

This chart shows the meaning of each status "word". 



S2 Si So 8086 State 

InterruptAcknowledge INTA 

1 Read I/O Port lORC 

1 Write I/O Port IOWC,AIOWC 

1 1 Halt None 

1 Code Access 
1 1 Read Memory 
110 Write Memory 
1 1 1 Passive 



MRDC 

MRDC 

MWTCAMWC 
None 



The command is issued in one of two ways dependent 
on the mode of the 8288 Bus Controller. 

I/O Bus Mode — The 8288 is in the I/O Bus mode if the 
lOB pin is strap ped H I GH. In the I/O Bus m ode all I/O 
command lines (lORC, lOWC, AlOWC, INTA) are always 
enabled (i.e., not dependent on AEN). When an I/O com- 
mand is initiated by the processor, th e 8288 immediately 
activates the command lines using PDEN and DT/R to 
control the I/O bus transceiver. The I/O command lines 
should not be used to control the system bus in this 
configuration because no arbitration is present. This 
mode allows one 8288 Bus Controller to handle two ex- 
ternal busses. No waiting is involved when the CPU 
wants to gain access to the I/O bus. Norm al memory ac- 
cess requires a "Bus Ready" signal (AEN LOW) before it 
will proceed. It is advantageous to use the lOB mode if 
I/O or peripherals dedicated to one processor exist in a 
multi-processor system. 

System Bus Mode — The 8288 is in the System Bus 
mode if the lOB pin is strapped LOW. I n this mode no 
command is issued until 85 ns after the AEN Line is ac- 
tivated (LOW). This mode assumes b us ar bitration logic 
will inform the bus controller (on the AEN line) when the 
bus is free for use. Both memory and I/O commands 
wait for bus arbitration. This mode is used when only 
one bus exists. Here, both I/O and memory are shared by 
more than one processor. 

Command Outputs 

The advanced write commands are made available to in- 
itiate write procedures early in the machine cycle. This 
signal can be used to prevent the 8086 CPU from enter- 
ing an unnecessary wait state. 

The command outputs are: 



INTA (Interrupt Acknowledge) acts as an ilO read during 
an interrupt cycle. Its purpose is to infbrmaw> inter- 
rupting device that its interrupt is being acknowlecji^ed 
and that it should place vectoring infornhation onto Ihe?;; ., 
data bus. ' -il^' 



8288Command Control Outputs 



MRDC — Memory Read Command 

MWTC — Memory Write Command 

lORC — I/O Read Command 

I owe — I/O Write Command 

AMWC — Advanced Memory Write Command 

AlOWC — Advanced I/O Write Command 

INTA — Interrupt Acknowledge 



The control outputs of the 8288 are Data Enable (DEN), 
Data Transmit/Receive (DT/R) and Master Cascade 
Enable/Peripheral Data Enable (MCE/PDEN). The DEN 
signal determines when the external^bus should be 
enabled onto the local bus and the DT/R determines the 
direction of data transfer. These two signals usually go 
to the chip select and direction pins of a transceiver. 



The MCE/PDEN pin changes function with the two 
modes of the 8 288. W hen the 8288 is in the lOB mode 
(lOB HIGH) the PDEN signal serves as a dedicated data 
enable signal for the I/O or Peripheral System bus. 



Interrupt Acknowledge and MCE 

The MCE signal is used during an interrupt acknowl- 
edge cycle if the 8288 is in the System Bus mode (lOB 
LOW). During any interrupt sequence there are two inter- 
rupt acknowledge cycles that occur back to back. Dur- 
ing the first interrupt cycle no data or address transfers 
take place. Logic should be provided to mask off MCE 
during this cycle. Just before the second cycle begins 
the MCE signal gates a master Priority Interrupt Con- 
troller's (PIC) cascade address onto the processor's 
local bus where ALE (Address Latch Enable) strobes it 
into the address latches. On the leading edge of the 
second interrupt cycle the addressed slave PIC gates an 
interrupt vector onto the system data bus where it is 
read by the processor. 

If the system contains only one PIC, the MCE signal is 
not used. In this case the second Interrupt Acknowledge 
signal gates the interrupt vector onto the processor bus. 



Address Latch Enable and Halt 

Address Latch Enable (ALE) occurs during each 
machine cycle and serves to strobe data into the ad- 
dres£ latches. ALE also serves to strobe the status (Sq, 
Si, S2) into a latch within the 8288. For this reason an 
ALE occurs when entering a halt state. 



Command Enable 

The Command Enable (CEN) input acts as a command 
qualifier for the 8288. If the CEN pin is high the 8288 
functions normally. If the CEN pin is pulled LOW, all 
command lines are held in their inactive state (not 
3-state). This feature can be used to implement memory 
partitioning and to eliminate address conflicts between 
system bus devices and resident bus devices. 
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D.C. AND OPERATING CHARACTERISTICS 



ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias 0°C to 70°C 

Storage Temperature -65°C to + 150°C 

All Output and Supply Voltages - 0.5V to + 7V 

All Input Voltages - 1.0V to + 5.5V 

Power Dissipation 1.5 Watt 



*COMMENT: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect device reliability. 



D.C. CHARACTERISTICS FOR THE 8288 

Conditions: Vcc=5V ±10%, Ta = 0°C to 70°C 



Symbol 


Parameter 


Min 


Max 


Unit 


Test Conditions 


vc 


Input Clamp Voltage 




-1 


V 


IC= -5 mA 


Ice 


Power Supply Current 




230 


mA 




'F 


Forward Input Current 




-0.7 


mA 


Vf = 0.45V , 


IR 


Reverse Input Current 




50 


mA 


Vr = Vcc 


Vol 


Output Low Voltage— Command Outputs 
Control Outputs 




0.5 
0.5 


V 
V 


l0L = 32 mA 
l0L=''6 mA 


VOH 


Output High Voltage— Command Outputs 
Control Outputs 


2.4 
2.4 




V 
V 


l0H= -5 mA 
l0H= -1 mA 


V|L 


Input Low Voltage 




0.8 


V 




V|H 


Input High Voltage 


2.0 




V 




'off 


Output Off Current 




100 


mA 


VoFF = 0-4 to 5.25V 



A.C. CHARACTERISTICS FOR THE 8288 

Conditions: Vcc = 5V ±10%, TA = 0°Cto70X 
TIMING REQUIREMENTS 




Symbol 


Parameter 


Min 


Max 


Unit 


Loading 


TCLCL 


CLK Cycle Period 


125 




ns 




TCLCH 


CLK Low Time 


66 




ns 




TCHCL 


CLK High Time 


40 




ns 




TSVCH 


Status Active Setup Time 


65 




ns 




TCHSV 


Status Active Hold Time 


10 




ns 




TSHCL 


Status Inactive Setup Time 


55 




ns 




TCLSH 


Status Inactive Hold Time 


10 




ns 





TIMING RESPONSES 



Symbol 


Parameter 


Min 


Max 


Unit 


Loading 


TCVNV 


Control Active Delay 


5 


45 


ns 




TCVNX 


Control Inactive Delay 


10 


45 


ns 




TCLLH,TCLMCH 


ALE MCE Active Delay (from CLK) 




15 


ns 




TSVLH,TSVMCH 


ALE MCE Active Delay (from Status) 




15 


ns 




TCHLL 


ALE Inactive Delay 




15 


ns 


MRDC ^ 
lORC 




TCLML 


Command Active Delay 


10 


35 


ns 




MWTC 
iOWC 


IOL=32mA 
> loH=-2mA 


TCLMH 


Command Inactive Delay 


10 


35 


ns 


TCHDTL 


Direction Control Active Delay 




50 


ns 


INTA 


CL=300pF 


TCHDTH 


Direction Control Inactive Delay 




30 


ns 


AMWC 










TAELCH 


Command Enable Time 




40 


ns 


AlUWU / 


TAEHCZ 


Command Disable Time 




40 


ns 


t loL=l6mA 


TAELCV 


Enable Delay Time 


85 


275 


ns 


Other { loH= -1 mA 


TAEVNV 


AEN to DEN 




20 


ns 


I Cl = 80pF 


TCEVNV 


CEN to DEN, PDEN 




20 


ns 




TCELRH 


CEN to Command 




TCLML 


ns 
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8288 TIMING DIAGRAM 



jn-^jT-^ciD^^^r^s^jnK 



S2, S^, §0 



ADDRESS/DATA 



MR DC. lORC, INTA 
AMWC, AlOWC 



MWTC.iOWC 



"*"^ (INTA) 



pden(Read) 

^"'"^ (INTA) 



DEN (WRITE) 



PDEN (WRITE) 



DT/R (READ) 



\ 



/ 



-i TCLCL- 



1 



z 



/ 



x 



ADDR 
VALID 



X 



\ 



1 



/ 



® 



1 



LJ 



WRITE i^T) 

DATA VALID ^^ 



\ 






y^ 



/ 



\ 

r 
J 



/ 



\ 



\ 



Al 



71 




/ 



1. AODRES»DATA BUS IS SHOWN ONLY FOR REFERENCE PURPOSES. 

2. LEADING EDGE OP ALE AND MCE IS DETERMINED BY THE FALLING EDGE OF CLK OR STATUS GOING ACTIVE, WHICHEVER OCCURS LAST 

3. ALL TIMING MEASUREMENTS ARE MADE AT 1.SV UNLESS SPECIFIED OTHERWISE. 
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DEN, PDEN QUALIFICATION TIMING 



X 



X 



-TCEVNV 



X 



X 



8288 ADDRESS ENABLE (AEN) TIMING (3-STATE ENABLE/DISABLE) 



OUTPUT 

command" 




TCELRH- 
NOTE: CEN MUST BE LOW OR VALID PRIOR TO T2 TO PREVENT THE COMMAND FROM BEING GENERATED. 



TEST LOAD CIRCUITS 



:4= 300 pF 



3STATE TO HIGH 



^ 300 pF 



3STATE TO LOW 



:q^ 300 pF 



COMMAND OUTPUT 
TEST LOAD 



CONTROL OUTPUT 
TEST LOAD 



3-STATE COMMAND OUTPUT 
TEST LOAD 
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MICROPROCESSOR PERIPHERALS 



INTRODUCTION 

Intel peripherals greatly enhance the 8080, the 8085, and many other microcomputers. These peripherals can signifi- 
cantly reduce development time, operating software, package count, board space, and parts costs while improving 
performance and increasing throughput in microcomputer systems. This section contains the most up-to-date data 
about Intel peripherals now available. 



TABLE OF CONTENTS 



8041 A/8741 A Universal Peripheral Interface 8-Bit Microcomputer 11-3 

8202 Dynamic RAM Controller 11-14 

8251 A Programmable Communication Interface 11-24 

8253/8253-5 Programmable Interval Timer 11-32 

8255A/8255A-5 Programmable Peripheral Interface 1 1-43 

8271 Programmable Floppy Disk Controller 1 1-64 

8273 Programmable HDLC/SDLC Protocol Controller. 11-93 

8275 Programmable CRT Controller 

8278 Programmable Keyboard Interface 

8279/8279-5 Programmable Keyboard/Display Interface 

8291 GPIB Talker/Listener 

8292 GPIB Controller 

8294 Data Encryption Unit 

8295 Dot Matrix Printer Controller 



.11-118 
.11-142 
.11-152 
.11-164 
.11-188 
.11-190 
.11-201 
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8041 A/8741 A 

UNIVERSAL PERIPHERAL INTERFACE 

8-BIT MICROCOMPUTER 



8-Bit CPU plus ROM, RAM, I/O, Timer 
and Clock in a Single Package 

One 8-Bit Status and Two Data Regis- 
ters for Asynchronous Slave-to-Master 
Interface 

DMA, Interrupt, or Polled Operation 
Supported 

1024 X 8 ROM/EPROM, 64 x 8 RAM, 
8-Bit Timer/Counter, 18 Programmable 
I/O Pins 



Fully Compatible with MCS-48"', 
MCS-80'", MCS-85'^ and MCS-86"' 
Microprocessor Families 



Expandable I/O 



■ ROM Power-Down Capability 



Single 5V Supply 



The Intel® 8041A/8741A is a general purpose, programmable interface device designed for use with a variety of 8-bit 
microprocessor systems. It contains a low cost microcomputer with program memory, data memory, 8-bit CPU, I/O 
ports, timer/counter, and clock in a single 40-pin package. Interface registers are included to enable the UPI device to 
function as a peripheral controller in MCS-48™, MCS-80™, MCS-85™, MCS-86™, and other 8-bit systems. 

The UPI-41A™ has 1K words of program memory and 64 words of data memory on-chip. To allow full user flexibility the 
program memory is available as ROM in the 8041 A version or as UV-erasable EPROM in the 8741 A version. The 8741 A 
and the 8041 A are fully pin compatible for easy transition from prototype to production level designs. 

The device has two 8-bit, TTL compatible I/O ports and two test inputs. Individual port lines can function as either in- 
puts or outputs under software control. I/O can be expanded with the 8243 device which is directly compatible and has 
16 I/O lines. An 8-bit programmable timer/counter is included in the UPI device for generating timing sequences or 
counting external inputs. Additional UPI features include: single 5V supply, low power standby mode (in the 8041 A), 
single-step mode for debug (in the 8741A), and dual working register banks. 

Because it's a complete microcomputer, the UPI provides more flexibility for the designer than conventional LSI inter- 
face devices. It is designed to be an efficient controller as well as an arithmetic processor. Applications include key- 
board scanning, printer control, display multiplexing and similar functions which involve interfacing peripheral 
devices to microprocessor systems. 



PIN CONFIGURATiON 



BLOCK DIAGRAM 




MASTER 
SYSTEM 
INTERFACE 



CRYSTAL r 
LC, OR 
CLOCK 












I/O 
P0RT1 


<^ 




s 










^ 


s 


DATA 
MEMORY 






REG BANK1 


$4x8 


STACK 


RANDOM 


REG. BANK 


MEMORY 






1 MULTIPLEXER | 





c=:>z 



<;=>'A 



PROM/ROM 
PROGRAM 
MEMORY 



10 BIT 
PROGRAM 
COUNTER 



W 



PORT 4-7 
EXPANDER 
INTERFACE 



CONDITIONAL 
BRANCH 
LOGIC 




_K 8BIT 

> TIMER/ 

~^ EVENT COUNTER 
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PIN DESCRIPTION 



Signal Description 



D0-D7 Three-state, bidirectional DATA BUS BUFFER lines 
used to interface the UPI-41A to an 8-bit master 
system data bus. 

P10-P17 8-bit, PORT 1 quasi-bidirectional I/O lines. 

P20~P27 8-bit, PORT 2 quasi-bidirectional I/O lines. The lower 
4 bits (P20-P23) interface directly to the 8243 I/O ex- 
pander device and contain address and data infor- 
mation during PORT 4-7 access. The upper 4 bits 
(P24-P27) can be programmed to provide Interrupt 
Request and DMA Handshake capability. Software 
control can conf^^gure P24 as OBF (Output Buffer 
Full), P25 as IBF (Input Buffer Full ), P26 a s DRQ 
(DMA Request), and P27 as DACK (DMA 
ACKnowledge). 

WR I/O write input which enables the master CPU to 

write data and command words to the UPI-41A IN- 
PUT DATA BUS BUFFER. 

RD I/O read input vvhich enables the master CPU to 

read data and status words from the OUTPUT DATA 
BUS BUFFER or status register. 

CS Chip select input used to select one UPI-41A out of 

several connected to a common data bus. 

Aq Address input used by the master processor to in- 

dicate whether byte transfer is data or command. 

Tq, T-i Input pins which can be directly tested using condi- 

tional branch instructions. 

T^ also functions as the event timer input (under 
software control). Tq is used during PROM program- 
ming and verification in the 8741A. 

X^, X2 Inputs for a crystal, LC or an external timing signal 
to determine the internal oscillator frequency. 

SYNC Output signal which occurs once per UPI-41A in- 
struction cycle. SYNC can be used as a strobe for 
external circuitry; it is also used to synchronize 
single step operation. 

EA External access input which allows emulation, 

testing and PROM/ROM verification. 

PROG Multifunction pin used as the program pulse input 
during PROM programming. 

During I/O expander access the PROG pin acts as 
an address/data strobe to the 8243. 

RESET Input used to reset status flip-flops and to set the 
program counter to zero. 



SS 



RESET is also used during PROM programming and 
verification. 

Single step input used in the 8741A in conjunction 
with the SYNC output to step the program through 
each instruction. 



f 5V power supply pin. 



-I- 5V during normal operation. Programming supply 
pin during PROM programming. Low power standby 

~ M x/orcinn 



UPMNSTRUCTION SET 

Mnemonic Description Bytti 4}fi^iB9 

ACCUMULATOR 

ADD A.Rr 
ADD A.@Rr 
ADD A,#data 
ADDC A,Rr 
ADDC A,@Rr 
ADDC A,#data 
ANL A,Rr 
ANL A,(a)Rr 
ANL A.#data 
ORL A,Rr 
ORL A,@Rr 
ORL A,#data 
XRL A.Rr 
XRL A,@Rr 
XRL A,#data 
INC A 
DEC A 
CLRA 
CPLA 
DA A 
SWAP A 
RLA 
RLCA 
RRA 
RRCA 

INPUT/OUTPUT 

IN A,Pp 
OUTL Pp,A 
ANL Pp.#data 
ORL Pp,#data 
INA,DBB 
OUT DBB.A 
MOVD A,Pp 
MOVD Pp,A 
ANLD Pp,A 
ORLD Pp,A 



Add register to A 

Add data memory to A 

Add immediate to A 

Add immed. to A with carry 

Add immed. to A with carry 

Add immed. to A with carry 

AND register to A 

AND data memory to A 

AND immediate to A 

OR register to A 

OR data memory to A 

OR immediate to A 

Exclusive OR register to A 

Exclusive OR data memory to A 

Exclusive OR immediate to A 

Increment A 

Decrement A 

Clear A 

Complement A 

Decimal Adjust A 

Swap digits of A 

Rotate A left 

Rotate A left through carry 

Rotate A right 

Rotate A right through carry 



Input port to A 
Output A to port 
AND immediate to port 
OR immediate to port 
Input DBB to A, clear IBF 
Output A to DBB, set OBF 
Input Expander port to A 
Output A to Expander port 
AND A to Expander port 
OR A to Expander port 



DATA MOVES 

MOV A,Rr 
MOV A.@Rr 
MOV A,#data 
MOV Rr.A 
MOV @Rr,A 
MOV Rr,#data 
MOV @Rr,#data 
MOV A,PSW 
MOV PSW.A 
XCH A.Rr 
XCH A.@Rr 
XCHD A.@Rr 
MOVP A,@A 
M0VP3, A,@A 



Move register to A 
Move data memory to A 
Move immediate to A 
Move A to register 
Move A to data memory 
Move immediate to register 
Move immediate to data memory 
Move PSW to A 
Move A to PSW 
Exchange A and register 
Exchange A and data memory 
Exchange digit of A and register 
Move to A from current page 
Move to A from page 3 



pin in ROM version. 
Circuit ground potential. 



TIMER/COUNTER 

MOV A.T Read Timer/Counter 

MOV T,A Load Timer/Counter 

STRT T Start Timer 

STRT CNT Start Counter 

STOP TCNT Stop Timer/Counter 

EN TCNTI Enable Timer/Counter Interrupt 

DIS TCNTI Disable Timer/Counter Interrupt 
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FEATURES AND ENHANCEMENTS 



UPI-41 



UPI-41A 



1. Single Data Bus Buffer 




NVWl 



ivv^ 



2. 4 Bits of Status 



1 1 1 

UNDEFINED 

1 1 1 


Fl 


FO 


IBF 


OBF 



D3 



Do 



3. RD and WR are level triggered. IBF, OBF, Fi and INT 
change internally when RD or WR are low. 



\ 



FLAGS AFFECTED 



y 



4. P24 and P25 are port pins only. 



Two Data Bus Buffers, one for input and one for out- 
put. This allows a much cleaner Master/Slave pro- 
tocol. 



INPUT 

DATA 

BUS 

BUFFER 

(8) 



INTERNAL 
DATA BUS 



OUTPUT 
DATA 
BUS 

BUFFER 
(8) 



2. 8 Bits of Status 



ST7 


STg 


ST5 


ST4 


F1 


FO 


IBF 


OBF 



D7 D5 D5 D4 D3 D2 Di Dq 

ST4-ST7 are user definable status bits. These bits are 
defined by the "MOV STS, A" single byte, single 
cycle instruction. Bits 4-7 of the accumulator are 
moved to bits 4-7 of the status register. Bits 0-3 of 
the status register are not affected. 

MOV STS, A Op Code: 90H 



10 



Do 



3. RD and WR are edge triggered. IBF, OBF, F^ and INT 
change internally after the trailing edge of RD or WR. 



FLAGS AFFECTED 



v 



P24 and P25 are port pins or Buffer Flag pins which 
can be used to interrupt a master processor. These 
pins default to port pins on Reset. 

If the "EN FLAGS" instruction has been executed, 
P24 becomes the OBF (Output Buffer Full) pin. A "1" 
written to P24 enables the OBF pin (the pin outputs 
the OBF Status Bit). A "0" written to P24 disables the 
OBF pin (the pin remains low). This pin can be used 
to indicate that valid data is available from the UPI- 
41A (in Output Data Bus Buffer). 
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UPI-41 



UPI-4tA 



5. P26 and P27 are port pins only. 




If "EN FLAGS" has been executed, P26 beoomeis the , 
IBF (Input Buffer Full) pin. A "1" written tt]|P25, 
enables the IBF pin (the pin outputs the inverse of t he 
IBF Status Bit). A "0" written to P25 disables the IBF 
pin (the pin remains low). This pin can be used to indi- 
cate that the UPI-41 is ready for data. 






H P24 — ^ 



H P25 — ^ 



-OBF (INTERRUPT REQUEST) 



- IBF (INTERRUPT REQUEST) 



DATA BUS BUFFER INTERRUPT CAPABILITY 



EN FLAGS Op Code: 0F5H 



1 



Do 



P26 and P27 are port pins or DMA handshake pins for 
use with a DMA controller. These pins default to port 
pins on Reset. 

If the "EN DMA" instruction has been executed, P26 
becomes the DRQ (DMA ReQuest) pin. A "1" written 
to P26 causes a DMA request (DRQ is activated). DRQ 
is deactivated by DACK • RD, DACK • WR, or execution 
of the "EN DMA" instruction. 

If "EN DMA" has been executed, P27 becomes the 
DACK (DMA ACKnowledge) pin. This pin acts as a 
chip select input for the Data Bus Buffer registers 
during DMA transfers. 




DMA HANDSHAKE CAPABILITY 



EN DMA Op Code: 0E5H 



10 



Do 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0"bto70*C 

Storage Temperature -65**Cto + 150**C 

Voltage on Any Pin With Respect 

to Ground 0.5V to +7V 

Power Dissipation 1 .5 Watt 



*COMMENT: Stresses above those listed under *'Afcsol,Mte Maximum 
Ratings" may cause permanent damage to ttie device, th'm is a stress 
rating only and functional operation of the device at thes6 (^rmy ather 
conditions above those indicated in the operational sections 4f tWs , 
specification is not implied. Exposure to absolute maximum rating cort' 
ditions for extended periods may affect device reliability. 



D.C. AND OPERATING CHARACTERISTICS 

TA = 0°Cto70°C, Vss = OV, 8041A: Vcc= +5V ±10%,8741A: Vcc= +5V ±5% 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


V|L 


Input Low Voltage (All Except X^, Xg) 


-0.5 


0.8 


V 








2.2 


Vcc 






V|H1 


Input High Voltage (All Except Xi, Xg, RESET) 




V|H2 


Input High Voltage (Xi, Xg, RESET) 


3.0 


Vcc 


V 




Vqu 


Output Low Voltage (D2-D7, Sync) 




0.45 


V 


loL=2.0 mA 


V0L2 


Output Low Voltage (All Other Outputs Except Prog) 




0.45 


V 


loL=1-6 mA 


V0L3 


Output Low Voltage (Prog) 




0.45 


V 


loL=10 mA 


V0HI 


Output High Voltage (D0-D7) 


2.4 




V 


loH= -400mA 


V0H2 


Output High Voltage (All Other Outputs) 


2.4 




V 


Ioh=-50mA 


l|L 


Input Leakage Current (Tq, T-,, RD, WR, OS, Aq, EA) 




±10 


^A 


Vss<V,N<Vcc 


Iqz 


Output Leakage Current (D0-D7, High Z State) 




±10 


mA 


Vss+0.45<V,N<Vcc 


Ilm 


Low Input Load Current (P10P17, P20P27 




0.5 


mA 


V,L=0.8V 


•lI2 


Low Input Load Current (RESET, SS) 




0.2 


mA 


V,L=0.8V 


'dd 


Vdd Supply Current 




1.5 


mA 




'cc+ 'dd 


Total Supply Current 




125 


mA 





A.C. CHARACTERISTICS 

TA=0Xto70*'C, Vss=OV, 8041A: Vcc = Vdd=+5V ±10%,8741A: Vcc=Vdd=+5V ±5% 
DBB READ 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


tAR 


CS, Aq Setup to RDi 







ns 




tRA 


CS, Aq Hold After RDt 







ns 




Irr 


RD Pulse Width 


250 




ns 


toY=2.5MS 


tAD 


CS, Aq to Data Out Delay 




225 


ns 


Cl=150pF 


^RD 


RDI to Data Out Delay 




225 


ns 


Cl=150pF 


tRDF 


RDt to Data Float Delay 




100 


ns 




^RV 


Recovery Time Between Reads And/Or Write 


300 




ns 




tcY 


Cycle Time 


2.5 


15 


MS 




DBB WRITE 


Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


^AW 


CS, Ao Setup to WRi 







ns 




^VVA 


CS, Ao Hold After WRt 







ns 




tww 


WR Pulse Width 


250 




ns 




^DW 


Data Setup to WRt 


150 




ns 




^WD 


Data Hold Aftert WRt 







ns 
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A.C. TEST CONDITIONS 

D7-D0 Outputs R L = 2.2k to Vss 

4.3k to Vcc 
CLflOOpF 






WAVEFORMS 



1. READ OPERATION-DATA BUS BUFFER REGISTER. 



'*°ZZx' 



X 



J 



DATA BUS 
(OUTPUT) " 



< 



- DATA VALID- 



> 



V 



(SYSTEM'S 
ADDRESS BUS) 



(READ CONTROL) 



2. WRITE OPERATION- DATA BUS BUFFER REGISTER. 



CSOR Ao 



IDC 



X 



\ 



I 



(WRITE CONTROL) 



DATA BUS DATA 

(INPUT) MAY CHANGE 



V^, DATA VALID ^Y 
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A.C. CHARACTERISTICS— PORT 2 

TA = 0Xto70''C, 8041A: Vcc=+5V ±10%,8741A: Vcc=+5V ±5% ' 


Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Condlitions 


tcp 


Port Control Setup Before Falling Edge of PROG 


110 




ns 




tpc 


Port Control Hold After Falling Edge of PROG 


140 




ns 




top 


Output Data Setup Time 


220 




ns 




tpF 


Input Data Hold Time 


110 




ns 




tpp 


PROG Pulse Width 


1400 




ns 




tps 


Input Data Setup Time 


700 




ns 





WAVEFORMS— PORT 2 

SYNC f \- 



J V 



EXPANDER 

PORT 

OUTPUT 



EXPANDER 
PORT 
INPUT 



ix: 



V PORT 20-3 DATA jf^ 



DC 



PORT CONTROL 



X 



OUTPUT DATA 



k: 



y P0«T^.3DATA N j ^ORT CONTROL V T^^ 



J 



A.C. CHARACTERISTICS-DMA 

TA = 0"'Cto70°C, Vcc = 5V ±10% 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


Ucc 


DAC to WR or RD 







ns 




tCAC 


RDorWRtoDACK 







ns 




*ACD 


DACK to Data Valid 




225 


ns 


Cl=150pF 


^CRQ 


RD or WR to DRQ Cleared 




200 


ns 





WAVEFORMS— DMA 

DACR 



\ 



f 



\ / 



\ 



)G^ 



/ 



\ / 



yj^yi 



V 
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Mnemonic 


Description 


Bytes 


Cycles 


Mnemonic 


OescriptiOfi , 


Bytes 


Cycles 


CONTROL 








CLRF1 


Clear F1 Flag 


r . 


\^ i^ 


EN DMA 


Enable DMA Handshake Lines 


1 


1 


CPLF1 


Complement F1 Flag 


1 


''.^'/i^^ ... 


EN 1 


Enable IBF Interrupt 


1 


1 


MOV STS, A 


A4-A7 to Bits 4-7 of Status 


't '-, 


,,., t/.,;t^,,. 


DISI 


Disable IBF Interrupt 


1 


1 








'■rv'^^"' 


EN FLAGS 


Enable Master Interrupts 


1 


1 










SEL RBO 


Select register bank 


1 


1 


BRANCH 






'■ ■ '^""' ,'. 


SEL RBI 


Select register bank 1 


1 


1 


JMPaddr 


Jump unconditional 


2 


2 


NOP 


No Operation 


1 


1 


JMPP @A 


Jump indirect 


1 


2 


REGISTERS 








DJNZ R.addr 


Decrement register and skip 


2 


2 


INC Rr 


Increment register 


1 


1 


JC addr 


Jump on Carry = 1 


2 


2 


INC @Rr 


Increment data memory 


1 


1 


JNC addr 


Jump on Carry = 


2 


2 


DECRr 


Decrement register 


1 


1 


JZ addr 


Jump on A Zero 


2 


2 










JNZ addr 


Jump on A not Zero 


2 


2 


SUBROUTINE 








JTO addr 


Jump on TO = 1 


2 


2 


CALL addr 


Jump to subroutine 


2 


2 


JNTO addr 


Jump on T0 = 


2 


2 


RET 


Return 


1 


2 


JT1 addr 


Jump on T1 = 1 


2 


2 


RETR 


Return and restore status 


1 


2 


JNT1 addr 


Jump on T1 =0 


2 


2 


FLAGS 








JFO addr 


Jump on FO Flag= 1 


2 


2 








JF1 addr 


Jump on F1 Flag = 1 


2 


2 


CLRC 


Clear Carry 


1 


1 


JTF addr 


Jump on Timer Flag = 1, Clear Flag 


2 


2 


CPLC 


Complement Carry 


1 


1 


JNIBFaddr 


Jump on IBF Flag = 


2 


2 


CLR FO 


Clear Flag 


1 


1 


JOBF addr 


Jump on OBF Flag=1 


2 


2 


CPLFO 


Complement Flag 


1 


1 


JBb addr 


Jump on Accumulator Bit 


2 


2 



APPLICATIONS 



DATA 
8085A 

ADDR 
CONTROL 



JITL 



TJ 



O 



8041 A/ 
8741 A 

CS 
AO 
RD 
WR 






TO 

PERIPHERAL 

DEVICES 



RD 

« WR 
8 

PORT 
BUS 



RD 
WR . 






Ao 
Dbb 



TO 

PERIPHERAL 

DEVICES 



Figure 1. 8085A-8041A Interface 



Figure 2. 8048-8041 A Interface 



8243 
EXPANDER 






KEYBOARD 
MATRIX 



PORT 2 PROG 



Dbb 



8 ROWS 

~7T' 



CONTROL BUS 



DOT MATRIX PRINTER 



FORM 
PRINT LF. HOLD 



MOTOR 
DRIVERS 



7T 



SOLENOID 
DRIVERS 



7\ 



PORT 2 
8041 A/8741 A 
DBB CONTROL 



PORT 1/PORT 2 



7^ 



CONTROL BUS 



TT 



Figure 3. 8041A-8243 Keyboad Scanner 



Figure 4. 8041 A Matrix Printer Interface 
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PROGRAMMING, VERIFYING, AND 
ERASING THE 874IA EPROM 



Programming/Verification 



In brief, the programming process consists of: activat- 
ing the program mode, applying an address, latching the 
address, applying data, and applying a programming 
pulse. Each word Is programmed completely before 
moving on to the next and is followed by a verification 
step. The following is a list of the pins used for program- 
ming and a description of their functions: 



Pin 


Function 


XTAL1 


Clock input (1 to 6 MHz) 


RESET 


Initialization and address latching 


TESTO 


Selection of program or verify mode 


EA 


Activation of program/verify modes 


BUS 


Address and data input data output during 
verify 


P20-1 


Address input 


Vdd 


Programming power supply 


PROG 


Program pulse input 



The program/verify sequence Is: 

1. Vqd = 5V, clock applied or internal osoUtator 
operating, RESET = OV, TEST = 5V, EA ^ 6V, 
BUS and PROG floating. 

2. Insert 8741A in programming socket. 

3. TEST = OV (select program mode). 

4. EA = 25V (activate program mode). 

5. Address applied to BUS and P20-1. 

6. RESET = 5V (latch address). 

7. Data applied to BUS. 

8. Vd = 25V (programming power). 

9. PROG = OV followed by one 50 ms pulse to 25V. 

10. Vdd = 5V. 

11. TEST = 5V (verify mode). 

12. Read and verify data on BUS. 

13. TESTO = OV. 

14. RESET = OV and repeat from step 5. 

15. Programmer should be at conditions of step 1 when 
8741 A is removed from socket. 

Programming Options 

The 8741 A EPROM can be programmed by either of two 
Intel products: 

1. PROMPT-48 Microcomputer Design Aid. 

2. Universal PROM Programmer (UPP-101 or UPP-102) 
Peripheral of the Intellec® Development System with 
a UPP-848 Personality Card. 



— 

+5V - 
ro 


+25V 
+5V - 



- BUS AND PROG CAN BE DRIVEN ONLY DURING THIS TIME • 



Vdd 



< 



address A0-A7 



X 



<: 



address Ag-Ag 



> 




PROG +5V- 
+0V 



WARNING: An attempt to program a missocketed 8741 A will result in severe damage to the part. An indication of a properly socketed part is the 
appearance of the SYNC output. The lack of this clock may be used to disable the programmer. 



Figure 5. ProgrammingA^eriffication Sequence 
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8741 A Erasure Characteristics 

The erasure characteristics of the 8741 A are such that 
erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Ang- 
stroms (A). It should be noted that sunlight and certain 
types of fluorescent lamps have wavelengths In the 
3000-4000A range. Data show that constant exposure to 
room level fluorescent lighting could erase the typical 
8741A in approximately 3 years while it would take ap- 
proximately one week to cause erasure when exposed 
to direct sunlight. If the 8741 A is to be exposed to these 
types of lighting conditions for extended periods of 
time, opaque labels are available from Intel which 



should be placed over the 8741 A window tp prevent 
unintentional erasure. 

The recommended erasure procedure for the 8741 Is 
exposure to shortwave ultraviolet light which has a 
wavelength of 2537A. The integrated dose (i.e., UV inten- 
sity x exposure time) for erasure should be a minimum 
of 15 w-sec/cm^. The erasure time with this dosage is 
approximately 15 to 20 minutes using an ultraviolet 
lamp with a 12,000 /i^W/cm^ power rating. The 8741 A 
should be placed within one inch of the lamp tubes dur- 
ing erasure. Some lamps have a filter on their tubes 
which should be removed before erasure. 



A.C. TIMING SPECIFICATION FOR PROGRAMMING 

Ta = 25X ±5X, Vcc = 5V ±5%, Vqd = 25V ±1V 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


tAW 


Address Setup Time to RESET t 


4tcy 








tWA 


Address Hold Time After RESET I 


4tcy 








tow 


Data in Setup Time to PROG t 


4tcy 








tWD 


Data in Hold Time After PROG i 


4tcy 








tPH 


RESET Hold Time to Verify 


4tcy 








tVDDW 


Vdd 


4tcy 








tVDDH 


Vdd Hold Time After PROG 1 











tPW 


Program Pulse Width 


50 


60 


MS 




tTW 


Test Setup Time for Program Mode 


4tcy 








tWT 


Test Hold Time After Program Mode 


4tcy 








too 


Test to Data Out Delay 




4tcy 






tww 


RESET Pulse Width to Latch Address 


4tcy 








tr. tf 


Vdd and PROG Rise and Fall Times 


0.5 


2.0 


yuS 




tCY 


GPU Operation Cycle Time 


5.0 




AtS 




tRE 


RESET Setup Time Before EA f 


4tcy 









Note: If TEST is high, tpQ can be triggered by RESET 1. 

D.C. SPECIFICATION FOR PROGRAMMING 

Ta = 25X ±5°C, Vqc = 5V ±5%, Vqd = 25V ± IV 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


Vdoh 


Vdd Program Voltage High Level 


24.0 


26.0 


V 




Vddl 


Vdd Voltage Low Level 


4.75 


5.25 


V 




VPH 


PROG Program Voltage High Level 


21.5 


24.5 


V 




VPL 


PROG Voltage Low Level 




0.2 


V 




Veah 


EA Program or Verify Voltage High Level 


21.5 


24.5 


V 




Veal 


EA Voltage Low Level 




5.25 


V 




Idd 


Vdd High Voltage Supply Current 




30.0 


mA 




IPROG 


PROG High Voltage Supply Current 




16.0 


mA 




lEA 


EA High Voltage Supply Current 




1.0 


mA 
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8041 A/8741 A 



^\\h 



WAVEFORMS 

Combination Program/Verify Mode (EPROIVIs Only) 






RESFT 



/ V 



f 



P20-P1 



\^ / ADDRESS \/ 

y~ — — -K ,Q.7) VALID A 



LAST 
ADDRESS 



+5- 
+23- 



+5- 
+0 



-v 



DATA TO BE 
PROGRAMMED VALID 



ADDRESS (8-9) VALID 



7 



\ 



-tVDDH 

I twT- 



PROGRAM- 



V___A" 

-• — too — A 
"\_ / \J DATA \ / NEXT ADDR \/ 



;^^ 



r 



X 



NEXT 
ADDRESS 



A. 



Verify IMode (ROIVI/EPROM) 



VERIFY MODE (ROM/EPROM) 



J \ / v. 



DB0-DB7 



\,^^ / ADDRESS \/ DATA OUT \ _ / NEXT \/ NEXT DATA \ 

y "\ (0-7) VALID yk VALID /" "^ ADDRESS A. OUT VALID /" 



X 



ADDRESS (8-9) VALID 



X 



NEXT ADDRESS VALID 
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8202 
DYNAMIC RAM CONTROLLER 



Provides All Signals Necessary to- 
Control 2104A, 2117, or 2118 Dynamic 
Memories 

Directly Addresses and Drives Up to 

128K Bytes Without External Drivers 

Provides Address Multiplexing 

and Strobes 

Provides a Refresh Timer and a 

Refresh Counter 

Refresh Cycles May be Internally or 

Externally Requested 



Provides Transparent Refresh Capability 

Fully Compatible with Intel® 8080A, 
8085A and 8086 Microprocessors 

Decodes 8085A Status for Advanced 
Read Capability 

Provides System Acknowledge and 
Transfer Acknowledge Signals 

Internal or External Clock Capability 



The 8202 is a Dynamic RAM System Controller designed to provide all signals necessary to use 2104A, 2117, or 21 18 
Dynamic RAMs in microcomputer systems. The 8202 provides multiplexed addresses and address strobes, as well as 
refresh/access arbitration. Refresh cycles can be started internally or externally. 



PIN CONFIGURATION 



8202 BLOCK DIAGRAM 



AU/OP, 





AHo-e 



Bo 
Bi/OPi 

RD/S1 

WR 

PCS 

REFRQ/ALE 



X0/OP2 
X, /CLK 

TIMK 



REFRESH 
COUNTER 



V 



V 

-j/ MULTIPLEXER 



^' 





\ 




1 






- 


TIMING 

AND 

CONTROL 












ARBITER 




















1 ► 














REFRESH 
TIMER 


— 




















OSCILLATOR 






















_ 





►WE 

►CAS 

►RASo 

-RAS"i 

►RAS2 

-RAS3 

►XACK 

► SACK 
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PIN DESCRIPTIONS 



Pin Name 


# 


I/O 


ALo 


6 


1 


ALi 


8 


1 


AL2 


10 


1 


AL3 


12 


1 


AL4 


14 


1 


AL5 


16 


1 


AL6/OP3 


18 


1 


AHo 


5 


1 


AHi 


4 


1 


AH2 


3 


1 


AH3 


2 


1 


AH4 


1 


1 


AH5 


39 


1 


AH6 


38 


1 


OUTo 


7 





OUT1 


9 





OUT2 


11 





OUT3 


13 





OUT4 


15 





OUT5 


17 





0UT6 


19 






Pin Description 



Pin Name 



I/O 



Pin Description 



WE 



CAS 



28 



27 



RASo 


21 





RASi 


22 





RAS2 


23 





RAS3 


26 





Bo 


24 


1 


B1/OP1 


25 


1 



Low-Order Address. These Address 
inputs are used to generate the Row 
Address for the Multiplexer. If the 
AL6/OP3 input is pulled to +12V 
through a SKfl resistor, the 8202 
configures Itself for 4K RAMs. If 
AL6/OP3 is driven with TTL levels, 
the 8202 configures itself for 16K 
RAMs. 

High-Order Address. These Ad- 
dress inputs are used to generate 
the Column Address for the Multi- 
plexer. If the 8202 is configured for 
4K RAMs, AHe can be used as an 
active high Chip select for the mem- 
ory controlled by 8202. For 16K 
RAM operation, AHe becomes the 
most significant column address bit. 

Output of the Multiplexer. These 
outputs are desig ned to drive the ad- 
dresses of the Dynamic RAM array. 
For 4K RAM operation, OUTe is de- 
signed to drive the 2 104A CS input. 
(Note that the OUTo-e pins do not 
require inverters or drivers for 
proper operation. 

Write Enable. This output is de- 
signed to drive the Write Enable in- 
puts of the Dynamic RAM array. 

Column Address Strobe. This out- 
put is used to latch the Column 
Address into the Dynamic RAM 
array. 

Row Address Strobe. These outputs 
are used to latch the Row Address 
into the bank of dynamic RAMs, 
selected by the 8202 Bank Address 
pins (Bo, B1/OP1) 

Bank Address. These inputs are 
used to select one of f our b anks of 
dynamic RAM via the RAS0-3 out- 
puts. If the B1/OP1 input is pulled to 
+12V through a 5Kn resistor, the 
8202 configures itself to the Ad- 
vanced Read mode. This mode 
changes the function of the 8202 
RD/S1 and R EFRQ /ALE input s and 
disables the RASo and RASi out- 
puts. 



RD/S1 



32 



WR 



PCS 



REFRQ/ 
ALE 



31 



33 I 



34? 



XACK 



29 



SACK 



30 



X0/OP2 
X1/CLK 



TNK 

Vcc 
Vss 



36 
37 



35 

40 
20 



Read/Si input. This input is use^ to 
request a read cycle. In normal 
operation, a low on this input in- 
forms the arbiter that a read cycle is 
requested. In the Advanced Read 
Mode, this input is designed to 
accept the 81 status signal from the 
8085A (fully decoded for a read). The 
trailing edge of ALE informs the 
arbiter that a read cycle is re- 
quested by latching Si. 

Write Input. This input is used to re- 
quest a write cycle. A low on this in- 
put informs the arbiter that a write 
cycle is desired. 

Protected Chip Select. A low on this 
input enables the WR and RD/S1 in- 
puts. PCS is protected against ter- 
minating a cycle in progress. 

Refresh Request/ Address Latch En- 
able. During normal operation, a 
high on this input indicates to the 
arbiter that a refresh cycle is being 
requested. In the Advanced Read 
Mode, this input is used to latch the 
state of the 8085 SI signal into the 
RD/S1 input. If Si is high at this 
time, a Read Cycle is requested. In 
this mode, transparent refresh is not 
possible. 

Transfer acknowledge. This output 
is a strobe indicating valid data 
during a read cycle or data written 
during a write cycle. XACK can be 
used to latch valid data from the 
RAM array. 

System Acknowledge. This output 
indicates the beginning of a memory 
access cycle. It can be used as an 
advanced transfer acknowledge to 
eliminate wait states. (Note: If a 
memory access requ est is made 
during a ref resh cy cle, SACK is de- 
layed until XACK in the memory 
access cycle). 

Crystal Inputs. These inputs are de- 
signed for a quartz crystal to control 
the frequency of the oscillator. If 
X0/OP2 is pulled to 4-12V through a 
IKH resistor, X1/CLK becomes a 
TTL input for an external clock. 

Tank. This pin is used for a tank 
circuit connection. 

+ 5V ±10% 

Ground. 
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BASIC FUNCTIONAL DESCRIPTION 

The 8202 consists of six basic blocks; the oscillator, the 
arbiter, the refresh timer, the refresh counter, the 
multiplexer, and the timing and control block. 

Oscillator 

The oscillator provides the basic timing for all 8202 
operations. The oscillator circuit is designed primarily 
for use with an external series resonant fundamental 
mode crystal. Overtone crystals may be used with the 
tank circuit shown in Figure 1. A small capacitor (3-5) pF 
should be placed in series with any crystal to block D.C. 
stress and assure oscillation at the proper frequency. 




USED WITH OVERTONE 
CRYSTALS ONLY 




The tank input to the oscillator allows the use of over- 
tone mode crystals. The tank circuit shunts the crystal's 
fundamental and high overtone frequencies and allows 
the third harmonic to oscillate. The external LC network 
is connected to the TANK input and is AC coupled to 
ground. 

If the X0/OP2 pin is pulled to +12V, through a 1 KH resistor, 
the 8202 can be driven by a TTL clock on the Xi/CLK input. 
No tank circuit is required in this mode. 

Arbiter 

The 8202 provides 3 different operational cycles: 

1. Read Cycle 

2. Write Cycle 

3. Refresh Cycle 

The read_and writ e cy cles are i nitiat ed by external 
requests ('RD/Si and PCS or WR and PCS j. A refresh cycle 
may be initiated by the internal refresh timer, or by an 
external request fREFRQ/ALEj. The arbiter resolves 
conflicts between cycle requests and cycles in execution. 



If the B1/OP1 input is pulled to + 12V ||ro|igh a 5KQ 
resistor (Advanced Read mode), rS/S^ be^^iff^^^ an 
input for the S^ status signal of the 80^5A,(fully d^t|t|.^d ., 
for read). REFRQ/ALE becomes an input fwtfcl.^,ACii!\'*, 
signal of the 8085 (used to latch S^. If Si is "high',' at the"^ ^'f 
falling edge of ALE, a read cycle will be requested. , , 
Transparent refresh is not possible in this mode. 

Refresh Timer 

The refresh timer is a simple timer that indicates to the 
arbiter that it is time for a refresh cycle. The refresh timer 
is reset when a refresh cycle is requested. 

Refresh Counter 

The refresh counter contains the address of the row to be 
refreshed. This counter is incremented after every refresh 
cycle. 

Multiplexer 

The multiplexer is designed to provide the dynamic RAM 
array with row addresses, column addresses and refresh 
addresses at the proper times. Its inputs consist of AL0-5, 
AL6/OP3, AHo-6, and the refresh counter. 

If AL6/OP3 is pulled to -1-1 2V through a 5Kn resistor, the 
8202 configures itself for 4K RAMs. In this mode, AL0-5 
provides the multiplexer with the six bit row address. AHo- 
5 provides the multiplexer with the six bit column address. 



AL0.5 



Bo 
B1/OP1 
RD/S1 



WR 



Xq/OPj 

Xi/CLK 

INK 















"" 




1 


s 


MULTIPLEXER ~ 


1/ 








^ 




REFRESH 
COUNTER 






\ 










t 




' 






n 






TIMING 

AND 

CONTROL 












ARBITER 




























REFRESH 
TIMER 


























OSCILLATOR 




' 




















™ 





^" 



•►WE 

•>CAS 

"►RAS'o 

-RASi 

► RAS2 

■►RAS^ 

•►XACK 

•►SACK 



OUTo-5 provide the RAM array with twelve bits of 
multiplexed address. AHe can be us ed as an active high 
chi p selec t for the RAM array If GUTe drives CS. Note that 
the OUTo-6 signals do not require inverters or drivers. 

If the 8202 is configured for 16K RAMs, AL0-5 and 
AL6/OP3 provide the multiplexer with seven bits of row 
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address. AHo- e provides it with seven bits of column 
address. OUTo-6 provides tlie RAM array with fourteen 
bits of multiplexed address. 



Timing and Controi Blocic 

The timing and control block executes one of three 
operational cycles at the request of the arbiter (Read, 
Writ e, and Refre sh cy cles). It provides the RAM array with 
WE, CAS, and RAS signals. It prov ides t he CP U with 
transfer and system acknowledge (XACK and SACK) 
signals. It controls the multiplexer during all cycles. It 
resets the refresh timer and increments the refresh 
counter during refresh cycles. 

Inputs Bo and B1/OP1 are used to select one of four banks 
of dynamic RAM via the RAS0-3 outputs. 

If B1/OP1 is pulled to +12V through a 5Kn resistor, the 
8202 configures itself to the Advanced Read Mode. This 
mode changes the functi on o f the R D/S1 and REFRQ/ALE 
inputs and disables the RASo and RASi outputs. 



SYSTEM OPERATION 

The 8202 Is always in one of the following states: 

1. Idle. 

2. Performing a Test Cycle. 

3. Performing a Write Cycle. 

4. Performing a Read Cycle. 

5. Performing a Refresh Cycle. 



'^' ^^ t^,.^f 



'U> 




CYCLEINPROGRESS LOOP 



START WRITE CYCLE. 
RESET REFRE SH CO UNTER. 
SET DELAYED SACK MODE. 



START WRITE 
CYCLE 



START READ 
CYCLE 



1. START REFRESH CYCLE. 

2. RESET REFRESH TIMER. 

3. INCREMENT REF 
ADDRESS COUNTER. 



^^^^^ 



Idle 

When the 8202 is idle, no cycle is in progress, the arbiter 
monitors internal and external cycle requests, and the 
refresh timer counts towards an internal refresh cycle 
request. (Fig. X.1) 

While the 8202 is Idle, the arbiter samples access cycle 
requests and refresh cycle requests, internal or exter- 
nal, on the rising edge of clock. If both Read and Write 
cycle requests are active when sampled, a test cycle is 
started. If a write-cycle request is active when sampled, 
a write cycle is started. If a read cycle request is active 
when sampled, a read cycle is started. If a refresh cycle 
request was previously pulsed or is active when 
sampled, a refresh cycle is started. Due to internal 
delays, if an access cycle request and a refresh cycle 
request occur simultaneously, the access cycle will be 
executed before the refresh cycle is executed. 



Test Cycle 

When a test cycle is started, (Read and Write Cycle 
Requests both active when s ampled ) the refresh counter 
is set to zero and the delayed SACK mode Is reset, while 
the 8202 executes a write cycle. This cycle is used for 
testing only and Is not recommended for normal system 
operation. 



Write Cycle (Fig. X.2) 

When a write cycle is started, (Write-Cycle Request 
activ e when sampled) the Multiplexer drives the 
OUT 0-6 pins with the low orde r add ress. Then, if the 
delayed SACK Mode is not set, SACK is activated. The 
row address is strobed into the s elec ted bank of RAMs. 
The multiplexer then drives the OUT 0-6_pjns with the 
high order address and the write enable (WE) pin is acti- 
vated. The column address is then strobed into the RAM 
array. ; 



Near the end o f the c ycle, the XAC K outp ut is activated. 
If the Del ayed S ACK Mode is set, SACK had the same 
timing as XACK. At the e nd of t he cycle, all signals are 
deactivated, the Delayed SACK Mode is exited, and the 
precharge time begins. After the precharge time, the 
8202 re-enters the idle state. The refresh timer con- 
tirlues to count during access cycles. 

If the REFRQ pin is pulsed or held active while a write 
cycle is in progress, a refresh cycle will occur immedi- 
ately following the write cycle, if the Advanced Read 
Mode is not selected. 

Read Cycle (Fjg. X.3) 

Read cycle operation is the sam e as write cycle opera- 
tion, except the write enable(WE) signal is not activated. 
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If the REFRQ pin is pulsed or held active while a read ately following the read cycle, if the Advanced Read 
cycle is in progress, a refresh cycle will occur immedi- Mode is not selected. 



OUTo.6 



Y ROW ADDRESS Y COLUMN ADDRESS V 



DELAYED SACK MODE 



RAS0.3 



T A / 

\ / PRECHARGE \ 



A f 



A f 



OUT0.6 


X 


ROW ADDRESS Y COLUMN ADDRESS 
DELAYED SACK MODE 


\ 
\ 


y ROW ADDR 








SACK 




T 




/ 


RAS0.3 




\ 




7 


PRECHARGE \ 






CAS 




\ 


L 




XACK 








V 


1 



Refresh Cycle (Fig. X.4) Refresh Counter. Th e 8202 then activates the Row 

Address Strobe (RAS 0-3) signals. At the end of the 
When a refresh cycle is started, (refresh-cycle request refresh cycle, all signals are deactivated, the refresh 

previously pulsed or active when sampled) the 8202 counter is incremented, and the precharge time begins. 

rese ts the Refresh Timer. The Multiplexer drives the After the precharge time, the 8202 re-enters the Idle 

OUT 0-6 pins with the refresh address contained In the State. 
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ouTo-e 



X REFRESH Y 

ADDRESS ^ 



NEXT REFRESH ADDRESS 



X 



RAS0.3 



\ 



/ 



PRECHARGE 



\ 



Hidden Refresh Cycle 

Distributed hidden refresh operation is most efficient if 
REFRQ is strobed during a command cycle such as 
fetch, where it is intended for the refresh cycle to follow. 
This is illustrated for 8085 in the following diagram. 

System Configurations 

Currently, there exists a wide range of processor bus 
structures, processor speeds, and memory speeds. As a 
result, the 8202 offers many possible system configura- 
tions with equally many cost-performance tradeoffs. 

The following system block diagram illustrates just one 
of the possible system configurations supported by the 
8202: 




wM 



2117 
DYNAMIC RAM ARRAY 
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other system configurations are described in the Intel, 
Application Note AP45, "Using the 8202 Dynamic RAIV! 
Controller." Other related documents are: 

• "Intel Memory Design Handbook" (Dynamic Ram sec- 
tions). 



AR-1, "Simplify Your Dynamic RAM/Microprocessor 
Interface." 

AP-38, "Application Techniques for the Intel 8036A 
Bus." 



ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0*C to 70**C 

Storage Temperature. -65*0 to + 150X 

Voltage On Any Pin 

With Respect to Ground -0.5V to + 7V 

Power Dissipation 1.4 Watts 



*COMMENT: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect device reliability. 



D.C. CHARACTERISTICS 

TA = 0°Cto70°C; Vcc = 5.0V ±10%;GND = 0V 



Symbol 


Parameter 


Min 


Max 


Units 


Test Conditions 


Vc 


Input Clamp Voltage 




-1.0 


V 


lc= -5 mA 


'cc 


Power Supply Current 




250 


mA 




If 


Forward Input Current 

Xi/CLK 

All Other Inputs 




-2.0 
-320 


mA 


Vf = 0.45V 
Vf = 0.45V 


Ir 


Reverse Input Current 




40 


mA 


Vr = Vcc 


Vol 


Output Low Voltage 
SACK, XACK 
All Other Outputs 




0.45 
0.45 


V 
V 


loL = 5 mA 
loL = 3 mA 


VOH 


Output High Voltage 
SACK, XACK 
All Other Outputs 


2.4 
2.6 




V 
V 


loH= -1 mA 
lOH = - 1 mA 


V,L 


Input Low Voltage 




0.8 


V 


Vcc = 5.0V 


V,H 


Input High Voltage 


' 2.0 




V 


Vcc = 5.0V 



CAPACITANCE 



Symbol 


Parameter 


Min 


Max 


Units 


Test Conditions 


C|N 


Input Capacitance 




30 


PF 


F=1 MHz 

Vbias = 2.5V,Vcc = 5V 

Ta = 25»C 
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A.C. CHARACTERISTICS 

TA = 0'Cto70''C,Vcc = 5V ±10% 

Loading: SACK,XACK 

gyio-OUTe 
RAS i - RAS4 
WE 
CAS 



Measurements made with respect to RASt *- RA^4, CAS, 
WE, OUTo- OUTfi are at 2.4V and 0.8V, All pth^rp^pJS are 
measured at 1.5V. 



CL= 30 pF 
CL=160pF 
CL=115pF 
CL = 224pF 
CL = 320pF 





Symbol 


Parameter 


MIn 


Max 


Units 


tp 


Clock (Internal/External) Period (See Note 1) 


40 


54 


ns 


tRC 


Memory Cycle Time 


10tp-30 


12 tp 


ns 


tRAH 


Row Address Hold Time 


tp-10 




ns 


USR 


Row Address Setup Time 


tpH 




ns 


tcAH 


Column Address Hold Time 


5tp 




ns 


tASC 


Column Address Setup Time 


tp-35 




ns 


tRCD 


RAS to CAS Delay Time 


2 tp-10 


2tp+30 


ns 


twcs 


WE Setup to CAS 


tp-40 




ns 


tRSH 


RAS Hold Time 


5tp-30 




ns 


tCAS 


CAS Pulse Width 


5tp 




ns 


tpp 


RAS Precharge Time (See Note 2) 


4tp-30 




ns 


twCH 


WE Hold Time to CAS 


5tp-20 




ns 


tREF 


Internally Generated Refresh to Refresh Time 
64 Cycle 
128 Cycle 


548 tp 
264 tp 


576 tp 
288 tp 


ns 
ns 


tcR 


RD, WR to RAS Delay 


tpH + 30 


tpH + tp + 75 


ns 


tec 


RD, WR to CAS Delay 


tpH + 2tp + 25 


tpH + 3tp + 85 


ns 


tRFR 


REFRQ to RAS Delay 


1.5tp+30 


2.5tp+100 


ns 


tAS 


Aq- Ai5 to RD, wR Setup Time (See Note 4) 







ns 


tcA 


RD, WR to SACK Leading Edge 




tp + 40 


ns 


tcK 


RD, WR to XACK, SACK Trailing Edge Delay 




30 


ns 


tKCH 


RD, WR Inactive Hold to SACK Trailing Edge 


10 




ns 


tsc 


RD, WR, PCS to X/CLK Setup Time (See Note 3) 


15 




ns 


tcx 


CAS to XACK Time 


5tp-25 


5tp + 20 


ns 


tACK 


XACK Leading Edge to CAS Trailing Edge Time 


10 




ns 


txw 


XACK Pulse Width 


2tp-25 




ns 


tLL 


REFRQ Pulse Width 


20 




ns 


tCHS 


RD, WR, PCS Active Hold to RAS 







ns 


tww 


WR to WE Propagation Delay 


8 


50 


ns 


tAL 


Si to ALE Setup Time 


40 




ns 


tLA 


Si to ALE Hold Time 


2tp+40 




ns 


tpL 


External Clock Low Time 


15 




ns 


tpH 


External Clock High Time 


20 




ns 


tpH 


External Clock High Time for Vcc = 5V ± 5% 


17 




ns 



Notes: 

1. tp minimum determines maximum oscillator frequency. 

tp maximum determines minimum frequen cy to maintain 2 ms refresh rate and tRp minimum. 

2 . To achieve the minimum time between the RAS of a memory cycle and the RAS of a refresh cycle, such as a transparent refresh, REFRQ should be 

pulsed in the previous memory cycle. 

3 . tsc 's not required for proper operation which is in agreement with the other specs, but can be used to synchronize external signals with X/CLK if it is 

desired. 

4 . If t^s 's '®ss than then the only impact is that t^SR decreases by a corresponding amount. 
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8202 TIMING 

NORMAL READ OR WRITE CYCLE 






^:.v^;"- 'P^^^ 






■^ 'S 



-H *AS 



A0-Al5 ¥ 



-»CR 



-^tpL 



yV\A/\fVvwv\AA/\^ 



- »CHS- 



n 



OUTo-OUTe 




- *ASR - 



^ 



- tRCD - 



A ROW ADDR 

M m 



K-tCA — 



I 



WE(WE=VoH 
FOR A RO CYCLE) 



-^tASC-i- 



^ 



htwCS^ 



® 



- *RSH - 



- tRC- 



COL ADOR 



I 



- *CAH - 



>-® 



- *CAS - 



tACK— ► 



\ 



'»WW>I 



-tcx- 



-*xw- 







tCK- 



\ 



CJ 



V 



-*KCH 



7 



REFRESH CYCLE 




RAS0-RAS4 



OUTo-OUT. „o^,„„„ ^X "°°"'^'" A® 



(CAS = VOH) IF THE REFRESH CYCLE IS INTERNALLY TRIGGERED THEN IGNORE REFRQ. 
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ADVANCED READ MODE USING THE SIMPLIFIED 8085 INTERFACE OPTfQN 



*./ \ 


I 








/ 


^ 






■ L 


-^1 






/ 






r 


/ [ ._ _ _ 


"JO 


It II 




1 
\ 








V 


RAS 

— tAS— ^ 


A 


-^ 1 


A0-A15 \L DELAY 1 

TV "-"-^ ) 1 


/ 1 




OUTo-OUTe M^ 


ROW ADDR 


1 




COLUMN ADDR 


X 








, 


CAS 






\ 


/ 


\ 




SACK 


\ 








\ 


V 














— i 




XACK 










~A 


I 



OTHER TIMING PARAMETERS ARE THE SAM E AS N ORM AL MO DE 
WRITE CYCLE IS THE SAME AS NORMAL MODE EXCEPT THAT XACK AND SACK GO 
INACTIVE ON THE RISING EDGE OF ALE 



OUTPUT TEST LOAD CIRCUIT 



30 pf 



1 

1 



OUTo 

TO , 

0UT6 I 

" -ten -I -*— 



160 pf 



I 



RASi 

TO- 
RAS4 



115 pf 



1 
I 



224 pf 



3.20 pf 



1 

I 
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8251A 
PROGRAMMABLE COMMUNICATION INTERFACE 



Synchronous and Asynchronous 
Operation 

Synchronous 5-8 Bit Characters; 
Internal or External Character Synchro- 
nization; Automatic Sync Insertion 

Asynchronous 5-8 Bit Characters; 
Clock Rate— 1, 16 or 64 Times Baud 
Rate; Break Character Generation; 1, 
1 V2, or 2 Stop Bits; False Start Bit 
Detection; Automatic Break Detect 
and Handling. 

Synchronous Baud Rate — DC to 64K 
Baud 



■ Asynchronous Baud Rate — DC to 
19.2K Baud 

■ Full Duplex, Double Buffered, Trans- 
mitter and Receiver 

■ Error Detection — Parity, Overrun and 
Framing 

■ Fully Compatible with 8080/8085 CPU 

■ 28-Pin DIP Package 

■ All Inputs and Outputs are TTL 
Compatible 

■ Single + 5V Supply 

■ Single TTL Clock 



The Intel® 8251A is the enhanced version of the industry standard, Intel® 8251 Universal Synchronous/Asynchronous 
Receiver/Transmitter (USART), designed for data communications with Intel's new high performance family of 
microprocessors such as the 8085. The 8251 A is used as a peripheral device and is programmed by the CPU to operate 
using virtually any serial data transmission technique presently in use (including IBM "bi-sync"). The USART accepts 
data characters from the CPU In parallel format and then converts them Into a continuous serial data stream for 
transmission. Simultaneously, it can receive serial data streams and convert them into parallel data characters for the 
CPU. The USART will signal the CPU whenever It can accept a new character for transmission or whenever It has 
received a character for the CPU. The CPU can read the complete status of the USART at any time. These Include data 
transmission errors and control signals such as SYNDET, TxEMPTY. The chip is constructed using N-channel silicon 
gate technology. 



PIN CONFIGURATION 



DO, 

D% 

13 RxC 

I] DTR 

m RTS 

U DSR 

Zl RESET 

U CLK 

DTxD 

3 TxEMPTY 

3 CTS 

"^ SYNDET/BD 

"^ TxRDY 



PiN NAMES 



BLOCK DIAGRAM 



D;D\^—V/ 



RESET_ 
CLK_ 
C/5_ 



D/ Do 


Data Bus (8 bits) 


C/D 


Control or Data is to be Written or Read 


RD 


Read Data Command 


WR 


Write Data or Control Command 


cs 


Chip Enable 


CLK 


Clock Pulse (TTL) 


RESET 


Reset 


TxC 


Transmitter Clock 


TxD 


Transmitter Data 


R^ 


Receiver Clock 


RxD 


Receiver Data 


RxRDY 


Receiver Ready (has character for 8080) 


TxRDY 


Transmitter Ready (ready for char from 8080) 



DSR 


Data Set Ready 


DTR 


Data Terminal Ready 


SYNDET/BD 


Sync Detect/ 
Break Detect 


RTS 


Request to Send Data 


CTS 


Clear to Send Data 


TxE 


Transmitter Empty 


Vcc 


+5 Volt Supply 


GND 


Ground 



READ/WRITE 

CONTROL 

LOGIC 



DSR- 
DTR^ 



CTS- 
RTS < 



MODEM 
CONTROL 



INTFF^NAL 
DATA BUS 



TRANSMIT 
CONTROL 



^TxRDY 

,^TxE 

_TxC 



RECEIVE 
BUFFER 
(S-P) 



RECEIVE 
CONTROL 



RxRDY 

^ rTc 

♦-► SYNDET 
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FEATURES AND ENHANCEMENTS 

8251 A is an advanced design of the industry stan- 
dard USART, the Intel® 8251. The 8251A oper- 
ates with an extended range of Intel micropro- 
cessors that includes the new 8085 CPU and main- 
tains compatibility with the 8251. Familiarization 
time is minimal because of compatibility and 
involves only knowing the additional features and 
enhancements, and reviewing the AC and DC speci- 
fications of the 8251 A. 

The 8251 A incorporates all the key features of 
the 8251 and has the following additional features 
and enhancements: 

• 8251 A has double-buffered data paths with 
separate I/O registers for control, status. 
Data In, and Data Out, which considerably 
simplifies control programming and mini- 
mizes CPU overhead. 

• In asynchronous operations, the Receiver 
detects and handles "break" automatically, 
relieving the CPU of this task. 

• A refined Rx initialization prevents the 
Receiver from starting when in "break" 
state, preventing unwanted interrupts from 
a disconnected USART. 

• At the conclusion of a transmission, TxD 
line will always return to the marking state 
unless SBRK is programmed. 



• Tx Enable logic enhancement^|i|ri0ifents a 
Tx Disable command from haltihg trans- 
mission until all data previously written htsi 
been transmitted. The logic also prevents 
the transmitter from turning off in the middle 
of a word. 

• When External Sync Detect is programmed. 
Internal Sync Detect is disabled, and an Ex- 
ternal Sync Detect status is provided via a 
flip-flop which clears itself upon a status read. 

• Possibility of false sync detect is minimized 
by ensuring that if double character sync is 
programmed, the characters be contiguously 
detected and also by clearing the Rx register 
to all ones whenever Enter Hunt command is 
issued in Sync mode. 

• As^ 'o"9_^ ^^® 8251 A is not selected, the 
RD and WR do not affect the internal opera- 
tion of the device. 

• The 8251 A Status can be read at any time 
but the status update will be inhibited during 
status read. 

• The 8251 A is free from extraneous glitches 
and has enhanced AC and DC characteristics, 
providing higher speed and better operating 
margins. 

• Synchronous Baud rate from DC to 64K. 

• Fully compatible with Intel's new industry 
standard, the MCS-85. 



FOR COMPLETE INFORMATION ON THIS DATA SHEET 
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When used as an input (external SYNC detect mode), a 
positive going signal will cause the 8251 A to start assem- 
bling data characters on the rising edge of the next RxC. 
Once in SYNC, the "high" input signal can be removed. 
When External SYNC Detect is programmed, the Internal 
SYNC Detect is disabled. 

BREAK DETECT (Async Mode Only) 

This output will go high whenever the receiver remains low 
through two consecutive stop bit sequences (including the 
start bits, data bits, and parity bits). Break Detect may also 
be read as a Status bit. It is reset only upon a master chip 
Reset or Rx Data returning to a "one" state. 



ADDRESS BUS 



CONTROL BUS 



I/O W RESET 



7^ 



RESET CLK 



Figure 4. 8251 A Interface to 8080 Standard 
System Bus 

DETAILED OPERATION DESCRIPTION 



General 

The complete functional definition of the 8251 A is pro- 
grammed by the system's software. A set of control words 
must be sent out by the CPU to initialize the 8251A to 
support the desired communications format. These control 
words will program the: BAUD RATE, CHARACTER 
LENGTH, NUMBER OF STOP BITS, SYNCHRONOUS or 
ASYNCHRONOUS OPERATION, EVEN/ODD/OFF PAR- 
ITY, etc. In the Synchronous Mode, options are also pro- 
vided to select either internal or external character synchro- 
nization. 

Once programmed, the 8251 A is ready to perform its com- 
munication functions. The TxRDY output is raised "high" 
to signal the CPU that the 8251 A is ready to receive a data 
character from the CPU. This output (TxRDY) is reset 
automatically when the CPU writes a character into the 
8251 A. On the other hand, the 8251 A receives serial data 
from the MODEM or I/O device. Upon receiving an entire 
character, the RxRDY output is raised "high" to signal the 
CPU that the 8251 A has a complete character ready for the 
CPU to fetch. RxRDY is reset automatically upon the CPU 
data read operation. 



The 8251A cannot begin transmission writil'th^ ;?^ Enable 
(Transmitter Enable) bit is set in the Command fnit^^tion 
and it has received a Clear To Send (CTSJ mpot. Th#|:^[^y 
output will be held in the marking state upon Rfeset i 

Programming the 8251 A 

Prior to starting data transmission or reception, the 8251A 
must be loaded with a set of control words generated by 
the CPU. These control signals define the complete func- 
tional definition of the 8251A and must immediately fol- 
low a Reset operation (internal or external). 

The control words are split into two formats: 

1. Mode Instruction 

2. Command Instruction 

Mode Instruction 

This format defines the general operational characteristics 
of the 8251A. It must follow a Reset operation (internal or 
external). Once the Mode Instruction has been written into 
the 8251A by the CPU, SYNC characters or Command In- 
structions may be inserted. 

Command Instruction 

This format defines a status word that is used to control the 
actual operation of the 8251 A. 

Both the Mode and Command Instructions must conform 
to a specified sequence for proper device operation. The 
Mode Instruction must be inserted immediately following a 
Reset operation, prior to using the 8251A for data com- 
munication. 

All control words written into the 8251 A after the Mode In- 
struction will load the Command Instruction. Command 
Instructions can be written into the 8251A at any time in 
the data block during the operation of the 8251 A. To re- 
turn to the Mode Instruction format, the master Reset bit 
in the Command Instruction word can be set to initiate an 
internal Reset operation which automatically places the 
8251 A back into the Mode Instruction format. Command 
Instructions must follow the Mode Instructions or Sync 
characters. 



C/D = 1 


MODE INSTRUCTION 




C/D = 1 


SYNC CHARACTER 1 




C/D = 1 


SYNC CHARACTER 2 


C/D = 1 


COMMAND INSTRUCTION 




C/D = ^ 


; DATA ; 




C/D = 1 


COMMAND INSTRUCTION 




C/D = ; 


; DATA ; 




C/D = 1 


COMMAND INSTRUCTION 





^ The second SYNC character is skipped if MODE instruction 
has programmed the 8251 A to single character Internal SYNC 
Mode. Both SYNC characters are skipped if MODE instruction 
has programmed the 8251 A to ASYNC mode. 



Figure 5. Typical Data Block 
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Synchronous Mode (Transmission) 

The TxD output is continuously high until the CPU sends 
Its first character to the 8251 A which usually is a SYNC 
character. When the CTS line goes low, the first character 
is serially transmitted out. All characters are shifted out on 
the falling edge of TxC. Data Is shifted out at the same 
rate as the TxC. 

Once transmission has starte d, the data stream at the TxD 
output must continue at the TxC rate. If the CPU does not 
provide the 8251 A with a data character before the 8251 A 
Transmitter Buffers become empty, the SYNC characters 
(or character if in single SYNC character mode) will be 
automatically inserted in the TxD data stream. In this case, 
the TxEMPTY pin is raised high to signal that the 8251 A is 
empty an.d SYNC characters are being sent out. TxEMPTY 
does not go low when the SYNC is being shifted out (see 
figure below). The TxEMPTY pin is internally reset by a 
data character being written into the 8251 A. 

AUTOMATICALLY INSERTED BY USART 



y^^^^^ 



NOMINAL CENTER OF LAST BIT 

Synchronous Mode (Receive) 

In this mode, character synchronization can be internally 
or externally achieved. If the SYNC mode has been pro- 
grammed, ENTER HUNT command should be included in 
the first command instruction word written. Da ta on the 
RxD pin is then sampled in on the rising edge of RxC. The 
content of the Rx buffer is compared at every bit boundary 
with the first SYNC character until a match occurs. If the 
8251 A has been programmed for two SYNC characters, the 
subsequent received character is also compared; when both 
SYNC characters have been detected, the USART ends the 
HUNT mode and is in character synchronization. The 
SYNDET pin is then set high, and is reset automatically by 
a STATUS READ. If parity is programmed, SYNDET 
will not be set until the middle of the parity bit instead of 
the middle of the last data bit. 

In the external SYNC mode, synchronization is achieved by 
applying a high level on the SYNDET pin, thus forcing the 
8251 A out of th e HU NT mode. The high level can be 
removed after one RxC cycle. An ENTER HUNT command 
has no effect in the asynchronous mode of operation. 

Parity error and overrun error are both checked in the same 
way as in the Asynchronous Rx mode. Parity is checked 
when not in Hunt, regardless of whether the Receiver is 
enabled or not. 

The CPU can command the receiver to enter the HUNT 
mode if synchronization is lost. This will also set all the 
used character bits in the buffer to a "one", thus prevent- 
ing a possible false SYNDET caused by data that happens 
to be in the Rx Buffer at ENTER HUNT time. Note that 



the SYNDET F/F is reset at each Status Rea4 r^g^rdless of 
whether internal or external SYNC has been programmed. 
This does^not cause the 8251 A to return to the H\JHJ 
mode. When in SYNC mode, but not in HUNT, Sync Detec* 
tion is still functional, but only occurs at the "known" 
word boundaries. Thus, if one Status Read indicates SYN- 
DET and a second Status Read also indicates SYNDET, 
then the programmed SYNDET characters have been re- 
ceived since the previous Status Read. (If double character 
sync has been programmed, then both sync characters have 
been contiguously received to gate a SYNDET indication.) 
When external SYNDET mode is selected, internal Sync 
Detect is disabled, and the SYNDET F/F may be set at 
any bit boundary. 



D7 D. D. 



SCS ESD EP PEN L. 



CHARACTER LENGTH 






1 





1 








1 


1 


5 
BITS 


6 
BITS 


7 
BITS 


8 
BITS 



► PARITY ENABLE 
(1 = ENABLE) 
(0= DISABLE) 



- EVEN PARITY GENERATION/CHECK 
1 = EVEN 
= ODD 



- EXTERNAL SYNC DETECT 
1 = SYNDET IS AN INPUT 
= SYNDET IS AN OUTPUT 



-► SINGLE CHARACTER SYNC 
1 = SINGLE SYNC CHARACTER 
= DOUBLE SYNC CHARACTER 



NOTE: IN EXTERNAL SYNC MODE, PROGRAMMING DOUBLE CHARACTER 
SYNC WILL AFFECT ONLY THE Tx. 



Figure 8. Mode Instruction Format, Synchronous Mode 



CPU BYTES (5-8 BITS/CHAR) 



DATA CHARACTERS 



ASSEMBLED SERIAL DATA OUTPUT (TxD) 



SYNC 
CHAR 1 


SYNC 
CHAR 2 


DATA CHARACTERS 



RECEIVE FORMAT 




SERIAL DATA INPUT (RxD) 



SYNC 
CHAR 1 


SYNC 
CHAR 2 


DATA CHARACTERS 



CPU BYTES (5-8 BITS/CHAR) 



DATA CHARACTERS 



Figure 9. Data Format, Synchronous Mode 
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ABSOLUTE MAXIMUM RATINGS' 



Ambient Temperature Under Bias C to 70 C 

Storage Temperatura . .-65°C to +150°C 

Voltage On Any Pin 

With Respect to Ground -O.BV to +7V 

Power Dissipation 1 Watt 



*COMMENT: Stresses above thos6 J/sted uhfi/er ^''Abso/ute 
Maximum Ratings" may cause permanent dam a^fgitb^e 
device. This is a stress rating only and functional dpi^a-^' 
tion of the device at these or any other condit/ons'9bove' f^^^ ; 
those indicated in the operational sections of this specific , 
cation is not imp/led. Exposure to absolute maximum '-' 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS 

Ta = 0°C to 70°C; Vcc = 5.0V ±5%; GND = OV 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


V|L 


Input Low Voltage 


-0.5 


0.8 


V 




V|H 


Input High Voltage 


2.2 


Vcc 


V 




Vol 


Output Low Voltage 




0.45 


V 


Iql = 2.2 mA 


VOH 


Output High Voltage 


2.4 




V 


loH =-400mA 


'OFL 


Output Float Leakage 




.10 


fxA 


VoUT = Vcc TO 0.45V 


»IL 


Input Leakage 




±10 


ma 


V|N = Vcc TO 0.45V 


'cc 


Power Supply Current 


. - J 


100 

-.-.. - 


mA 


All Outputs = High 



CAPACITANCE 

Ta = 25°C; Vcc = GMD = OV 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


C|N 


Input Capacitance 




10 


PF 


fc= 1MHz 


Ci/o 


I/O Capacitance 




20 


PF 


Unmeasured pins returned to GND 




-" O OUT 









y 






X 


^ 






^SPEC. 




/ 









A CAPACITANCE (pF) 



Figure 16. Test Load Circuit 



Figure 17. Typical A Output Delay vs. A 
Capacitance (pF) 
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A,C. CHARACTERISTICS 

Ta = 0°C to 70°C; Vcc = 5.0V ±5%; GND = OV 

Bus Parameters (Note 1) 
Read Cycle: 



^»' *4\^lf\^ ,v 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


TEST CONDITIONS 


tAR 


Address Stable Before READ (CS, C/D) 


50 




ns 


Note 2 






50 




ns 




tRA 


Address Hold Time for READ (CS, C/D) 


Note 2 


tRR 


READ Pulse Width 


250 




ns 




tRD 


Data Delay from READ 




250 


ns 


3, Cl= 150 pF 


tDF 


READ to Data Floating 


10 


100 


ns 





Write Cycle: 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


TEST CONDITIONS 


tAW 


Address Stable Before WRITE 


50 




ns 




tWA 


Address Hold Time for WRITE 


50 




ns 




tww 


WRITE Pulse Width 


250 




ns 




tow 


Data Set Up Time for WRITE 


150 




ns 




tWD 


Data Hold Time for WRITE 


30 




ns 




tRV 


Recovery Time Between WRITES 


6 




tCY 


Note 4 



NOTES: 1 . AC timings measured Vqh - 2.0, Vql ^ 0-8, and with load circuit of Figure 1 . 

2. Chip Select (CS) and Command/Data (C/D) are considered as Addresses. 

3. Assumes that Address is valid before Rd-I. 

4. This recovery time is for Mode Initialization only. Write Data is allowed only when TxRDY = 1. 
Recovery Time between Writes for Asynchronous Mode is 8 t^Y a"d for Synchronous Mode is 16 tcY- 



Input Waveforms for AC Tests 



2.4 



0.45 ■ 



X 



2.0 
0.8 



TEST 
POINTS 
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Other Timings: 












SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


TEST CONDITiC)ISilr 


tCY 


Clock Period 


320 


1350 


ns 


Notes 5, 6 


H 


Clock High Pulse Width 


140 


tCY-90 


ns 




^ 


Clock Low Pulse Width 


90 




ns 




tR,tF 


Clock Rise and Fall Time 


5 


20 


ns 




tDTx 


TxD Delay from Falling Edge of TxC 




1 


MS 




tSRx 


Rx Data Set-Up Time to Sampling Pulse 


2 




MS 




tHRx 


Rx Data Hold Time to Sampling Pulse 


2 




MS 




fjx 


Transmitter Input Clock Frequency 












1x Baud Rate 


DC 


64 


kHz 






16x Baud Rate 


DC 


310 


kHz 






64x Baud Rate 


DC 


615 


kHz 




tjPW 


Transmitter Input Clock Pulse Width 












1x Baud Rate 


12 




tCY 






16x and 64x Baud Rate 


1 




tCY 




tjPD 


Transmitter Input Clock Pulse Delay 












1x Baud Rate 


15 




tCY 






16x and 64x Baud Rate 


3 




tCY 




fRx 


Receiver Input Clock Frequency 












1x Baud Rate 


DC 


64 


kHz 






16x Baud Rate 


DC 


310 


kHz 






64x Baud Rate 


DC 


615 


kHz 




tRPW 


Receiver Input Clock Pulse Width 












1x Baud Rate 


12 




tCY 






16xand64x Baud Rate 


1 




tCY 




tRPD 


Receiver Input Clock Pulse Delay 












1x Baud Rate 


15 




tCY 






16x and 64x Baud Rate 


3 




tCY 




tjxRDY 


TxRDY Pin Delay from Center of last Bit 




8 


tCY 


Note? 


tjxRDY CLEAR 


TxRDY i from Leading Edge of WR 




180 


ns 


Note? 


tRxRDY 


RxRDY Pin Delay from Center of last Bit 




24 


tCY 


Note? 


tRxRDY CLEAR 


RxRDY i from Leading Edge of RD 




150 


ns 


Note? 


tis 


Internal SYNDET Delay from Rising 
Edge of RxC 




24 


tCY 


Note? 


tES 


External SYNDET Set-Up Time Before 
Falling Edge of RxC 




16 


tCY 


Note? 


tTxEMPTY 


TxEMPTY Delay from Center of Last Bit 




20 


tCY 


Note? 


twc 


Control Delay from Rising Edge of 
WRITE (TxEn,DTR,RTS} 




8 


tCY 


Note? 


tCR 


Control to READ Set-Up Time (DSR, CTS) 




20 


tCY 


Note? 



5. The TxC and RxC frequencies have the following limitations with respect to CLK. 

For 1x Baud Rate , fjx o'' ^'Rx < 1/(30 tcy) 

For 16x and 64x Baud Rate, fjx or fp^ < 1/(4.5 tcy) 

6. Reset Pulse Width = 6 tQy minimum; System Clock must be running during Reset. 

7. Status update can have a maximum delay of 28 clock periods from the event affecting the status. 
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Receiver Control & Flag Timing (ASYNC Mode) 



v~ 



laxxnxjcrunxnnr 



-^Jt 



jiz: 



Transmitter Control & Flag Timing (SYNC Mode) 




STATE u CHAR 5 UHAH b I C 



EXAMPLE FORMAT = 5 BIT CHARACTER WITH PARITY, 2 SYNC CHARACTERS. 



Receiver Control & Flag Timing (SYNC Mode) 




EXIT HUNT MODE / 
SET SYN DET (STATUS BIT) 



SET SYNDET (STATUS BIT)' 
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8253/8253-5 
PROGRAMMABLE INTERVAL TIMER 



■ MCS— 85^^ Compatible 8253-5 

■ 3 Independent 16-Bit Counters 

■ DC to 2 MHz 

■ Programmable Counter Modes 



■ Count Binary or BCD 

■ Single + 5V Supply 

■ 24-Pin Dual In-Line Paclcage 



The Intel® 8253 is a programmable counter/timer chip designed for use as an Intel microcomputer peripheral. It uses 
nMOS technology with a single +5V supply and is packaged in a 24-pin plastic DIP. 

It is organized as 3 independent 16-blt counters, each with a count rate of up to 2 MHz. All modes of operation are soft- 
ware programmable. 



PIN CONFIGURATION 



BLOCK DIAGRAM 



OyC 


1 ^ 


24 


IJVcc 


o,C 


2 


23 


jm 


D5C 


3 


22 


Drd 


D4C 


4 


21 


DCS 


D3C: 


5 


20 


:]A, 


D.C 


6 8253 


19 


DAo 


D,i: 


7 


18 


DCLK2 


DoC 


8 


17 


DOUT2 


CLKOC 


9 


16 


D GATE 2 


OUTOC 


10 


15 


HCLK 1 


GATEOC 


11 


14 


Dgatei 


gndC 


12 


13 


DOUTI 



PIN NAMES 



D7D0 


DATA BUS {8 BIT) 


CLK N 


COUNTER CLOCK INPUTS 


GATEN 


COUNTER GATE INPUTS 


OUTN 


COUNTER OUTPUTS 


RD 


READ COUNTER 


WR 


WRITE COMMAND OR DATA 


cs 


CHIP SELECT 


Ao-A, 


COUNTER SELECT 


Vcc 


+5 VOLTS 


GND 


GROUND 



°'"»C 



READ/ 
WRITE 
LOGIC 



CONTROL 

WORD 
REGISTER 



INTERNAL BUS 
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FUNCTIONAL DESCRIPTION 

General 

The 8253 is a programmable interval timer/counter 
specifically designed for use with the Inter" Micro- 
computer systems. Its function is that of a general 
purpose, multi-timing element that can be treated as an 
array of I/O ports in the system software. 

The 8253 solves one of the most common problems in any 
microcomputer system, the generation of accurate time 
delays under software control. Instead of setting up timing 
loops in systems software, the programmer configures the 
8253 to match his requirements, initializes one of the 
counters of the 8253 with the desired quantity, then upon 
command the 8253 will count out the delay and interrupt 
the CPU when it has completed its tasks. It is easy to see 
that the software overhead is minimal and that multiple 
delays can easily be maintained by assignment of priority 
levels. 

Other counter/timer functions that are non-delay in 
nature but also common to most microcomputers can be 
implemented with the 8253. 

• Programmable Rate Generator 

• Event Counter 

• Binary Rate Multiplier 

• Real Time Clock 

• Digital One-Shot 

• Complex Motor Controller 

Data Bus Buffer 

This 3-state, bi-directional, 8-bit buffer is used to interface 
the 8253 to the system data bus. Data is transmitted or 
received by the buffer upon execution of INput or OUTput 
CPU instructions. The Data Bus Buffer has three basic 
functions. 

1. Programming the MODES of the 8253. 

2. Loading the count registers. 

3. Reading the count values. 

Read/Write Logic 

The Read/Write Logic accepts inputs from the system bus 
and in turn generates control signals for overall device 
operation. It is enabled or disabled by OS so that no 
operation can occur to change the function unless the 
device has been selected by the system logic. 

RD (Read) 

A "low" on this input informs the 8253 that the CPU is 
inputting data in the form of a counters value. 

WR (Write) 

A "low" on this input informs the 8253 that the CPU is 
outputting data in the form of mode information or loading 
counters. 



AO, A1 

These inputs are normally connected to the address bus. 
Their function is to select one of the three counters to be 
operated on and to address the control word register for 
mode selection. 

CS (Chip Select) 

A "low" on this input enables the 8253. No reading or 
writing will occur unless the device is selected. The CS 
input has no effect upon the actual operation of the 
counters. 






DATA 

BUS 

BUFFER 



m- 
m- 



V-V 



READ/ 
WRITE 
LOGIC 



^- 



y1 fv 

\r—v 






tNtERNALBOS 



/ 



COUNT6fl 

#0 



- GATt 



-CtK1 

-GATE1 

-OUT1 




Figure 1. Block Diagram Showing Data Bus Buffer and 
Read/Write Logic Functions 



CS 


RD 


WR 


Ai 


Ao 







1 











Load Counter No. 





1 








1 


Load Counter No. 1 





1 





1 





Load Counter No. 2 





1 





1 


1 


Write Mode Word 








1 








Read Counter No. 








1 





1 


Read Counter No. 1 








1 


1 





Read Counter No. 2 








1 


1 


1 


No-Operation 3-State 


1 


X ^ 


X 


X 


X 


Disable 3-State 





1 


1 


X 


X 


No-Operation 3-State 
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Control Word Register 

The Control Word Register is selected when AO, A 1 are 1 1 . 
It then accepts information from the data bus buffer and 
stores it in a register. The Information stored in this 
register controls the operational MODE of each counter, 
selection of binary or BCD counting and the loading of 
each count register. 

The Control Word Register can only be written Into; no 
read operation of its contents is available. 

Counter #0, Counter #1, Counter #2 

These three functional blocks are identical in operation so 
only a single Counter will be described. Each Counter 
consists of a single, 16-bit, pre-settable, DOWN counter. 
The counter can operate in either binary or BCD and its 
input, gate and output are configured by the selection of 
MODES stored in the Control Word Register. 

The counters are fully independent and each can have 
separate Mode configuration and counting operation, 
binary or BCD. Also, there are special features in the 
control word that handle the loading of the count value so 
that software overhead can be minimized for these 
functions. 

The reading of the contents of each counter is available to 
the programmer with simple READ operations for event 
counting applications and special commands and logic 
are included in the 8253 so that the contents of each 
counter can be read "on the fly" without having to inhibit 
the clock input. 

8253 SYSTEM INTERFACE 

The 8253 Is a component of the Intel™ Microcomputer 
Systems and interfaces in the same manner as all other 
peripherals of the family. It is treated by the systems 
software as an array of peripheral I/O ports; three are 
counters and the fourth is a control register for MODE 
programming. 

Basically, the select inputs AO, A1 connect to the AO, A1 
address bus signals of the CPU. The CS can be derived 
directly from the address bus using a linear select method. 
Or it can be connected to the output of a decoder, such as 
an Intel® 8205 for larger systems. 






'C0 






Am;l K 



ilS- 















mmmM. ^m 



/ 



COUNTER 

#0 



COUNTER 

#1 












Figure 2. Block Diagram Showing Control Word 
Register and Counter Functions 



ADDRESS BUS (16) 



CONTROL BUS 



Ai Ao CS 



COUNTER 




DATA BUS (8) 



^ 



8253 
COUNTER 



OUT GATE CLK OUT GATE CLK OUT GATE CLK 



Figure 3. 8253 System Interface 
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M - MODE: 



OPERATIONAL DESCRIPTION 

General 

The complete functional definition of the 8253 is 
progrannmed by the systems software. A set of control 
words must be sent out by the CPU to initialize each 
counter of the 8253 with the desired MODE and quantity 
information. These control words program the MODE, 
Loading sequence and selection of binary or BCD 
counting. 

Once programmed, the 8253 is ready to perform whatever 
timing tasks it is assigned to accomplish. 

The actual counting operation of each counter is 
completely independent and additional logic is provided 
on-chip so that the usual problems associated with 
efficient monitoring and management of external, 
asynchronous events or rates to the microcomputer 
system have been eliminated. 

Programming the 8253 

All of the MODES for each counter are programmed by the 
systems software by simple I/O operations. 

Each counter of the 8253 is individually programmed by 
writing a control word into the Control Word Register. 
(AO, A1 - 11) 

Control Word Format 



Dy 


De 


Db 


D4 


D3 


D2 


Di 


Do 


SCI 


SCO 


RL1 


RLO 


M2 


Ml 


MO 


BCD 



Definition of Control 
SC — Select Counter. 

SCI SCO 









Select Counter 





1 


Select Counter 1 


1 





Select Counter 2 


1 


1 


Illegal 



RL ~ Read/Load: 
RL1 RLO 









Counter Latching operation (see 
READ/WRITE Procedure Section) 


1 





Read/Load most significant byte only. 





1 


Read/Load least significant byte only. 


1 


1 


Read/Load least significant byte first, 
then most significant byte. 



M2 


M1 


MO 













ModeO 








1 


Mode 1 


X 


1 





Mode 2 


X 


1 


1 


Modes 


1 








Mode 4 


1 





1 


Mode 5 



BCD: 






Binary Counter 16-bits 


1 


Binary Coded Decimal (BCD) Counter 
(4 Decades) 



Counter Loading 

The count register is not loaded until the count value is 
written (one or two bytes, depending on the mode 
selected by the RL bits), followed by a rising edge and a 
falling edge of the clock. Any read of the counter prior to 
that falling clock edge may yield invalid data. 

MODE Definition 

MODE 0: Interrupt on Terminal Count. The output will 
be initially low after the mode set operation. After the 
count is loaded into the selected count register, the out- 
put will remain low and the counter will count. When ter- 
minal count is reached the output will go high and re- 
main high until the selected count register is reloaded 
with the mode or a new count is loaded. The counter 
continues to decrement after terminal count has been 
reached. 

Rewriting a counter register during counting results in 
the following: 

(1) Write 1st byte stops the current counting. 

(2) Write 2nd byte starts the new count. 

MODE 1: Programmable One-Shot. The output will go 
low on the count following the rising edge of the gate in- 
put. 

The output will go high on the terminal count. If a new 
count value is loaded while the output is low it will not 
affect the duration of the one-shot pulse until the suc- 
ceeding trigger. The current count can be read at any 
time without affecting the one-shot pulse. 

The one-shot is retriggerable, hence the output will re- 
main low for the full count after any rising edge of the 
gate Input. 
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MODE 2: Rate Generator. Divide by N counter. The out- 
put will be low for one period of the input clock. The 
period from one output pulse to the next equals the 
number of Input counts in the count register. If the 
count register is reloaded between output pulses the 
present period will not be affected, but the subsequent 
period will reflect the new value. 

The gate input, when low, will force the output high. 
When the gate input goes high, the counter will start 
from the initial count. Thus, the gate input can be used 
to synchronize the counter. 

When this mode is set, the output will remain high until 
after the count register is loaded. The output then can 
also be synchronized by software. 

MODE 3: Square Wave Rate Generator.Similar to MODE 
2 except that the output will remain high until one half 
the count has been completed (for even numbers) and 
go low for the other half of the count. This is accom- 
plished by decrementing the counter by two on the fall- 
ing edge of each clock pulse. When the counter reaches 
terminal count, the state of the output is changed and 
the counter is reloaded with the full count and the whole 
process is repeated. 

If the count is odd and the output is high, the first clock 
pulse (after the count Is loaded) decrements the count 
by 1. Subsequent clock pulses decrement the clock by 
2. After timeout, the output goes low and the full count 
is reloaded. The first clock pulse (following the reload) 
decrements the counter by 3. Subsequent clock pulses 
decrement the count by 2 until timeout. Then the whole 
process is repeated. In this way. If the count is odd, the 
output will be high for (N-f 1)/2 counts and low for 
(N-1)/2 counts. 

MODE 4: Software Triggered Strobe. After the mode is 
set, the output will be high. When the count is loaded, 
the counter will begin counting. On terminal count, the 
output will go low for one input clock period, then will 
go high again. 



If the count register is reloaded between output pulses 
the present period will not be affected, but the subse- 
quent period will reflect the new value. The count will be 
Inhibited while the gate Input is low. Reloading the 
counter register will restart counting beginning with the 
new number. 

MODE 5: Hardware Triggered Strobe. The counter will 
start counting after the rising edge of the trigger Input 
and will go low for one clock period when the terminal 
count is reached. The counter is retriggerable. The out- 
put will not go low until the full count after the rising 
edge of any trigger. 



Modes 


Signal 
^tatus 


Low 

Or Going 

Low 


Rising 


High 





Disables 
counting 





Enables 
counting 


1 




1) Initiates 
counting 

2) Resets output 
after next clock 




2 


1) Disables 
counting 

2) Sets output 
immediately 
high 


Initiates 
counting 


Enables 
counting 


3 


1) Disables 

counting 

2) Sets output 
immediately 
high 


Initiates 
counting 


Enables 
counting 


4 


Disables 
counting 


/» 


Enables 
counting 


5 




Initiates 
counting 






Figure 4. Gate Pin Operations Summary 
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MODE 0: Interrupt on Terminal Count 

CLOCK jriJTriJiJVT-J""i-J"iJ^^ 



WRn L 


r 


4 


1 

3 2 1 

1 


1 







OUTPUT (INTERRUPT) 


1 








(n = 4) 


1 , 


1 










1 " 
1 


1 
1 




WRm"X 


r 




1 


1 










GATE "" 


L 


5 


"1 r 

4 


1 

3 
1__ 


2 





OUTPUT (INTERRUPT) 


-_J 



MODE 3: Square Wave Generator 



OUTPUT (n = 4) 
OUTPUT (n = 5) 



CLOCK JIJTJIJIJTLJIJTJIJTJTJIJIJ^ 

4242424242424 

1 I — I r — I r 



5425254252542 

J 1 T" 



"I r 



MODE 1: Programmable One-Shot 

CLOCK jnUTJTJTLJTJTjnLJlJTXlJTJ^ 



WRnH I 

TRIGGER r 

OUTPUT 



(n = 4) 



4 3 2 10 

T r 



TRIGGER^ 
OUTPUT 



4 3 2 4 3 2 10 

1 r 



MODE 4: Software Triggered Strobe 

CLOCK JTJTJTJinJTJXriJlJlJl^^ 



4 3 2 10 



LOAD n I n = 4 | 

GATE 
OUTPUT — — — 



4 3 2 10 



MODE 2: Rate Generator 



cLocK,jnLnjiJiJiJxriJTJiJTJTJTnjx^ 



WRn i"-** 

OUTPUT 

0(3) 
OUTPUT (n = 3) 1 I — 



4 3 2 1 0(4) 3 2 1 0(3) 2 1 



3 2 1 0(3) 2 1 0(3) 2 1 



MODE 5: Hardware Triggered Strobe 

CLOCK jijijijijijnLnjTJijnLn^ 



T 



4 3 2 10 



OUTPUT (n = 4) 



OUTPUT (n = 4) 



4 3 4 3 2 10 



Figure 5. 8253 Timing Diagrams 
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8253 READ/WRITE PROCEDURE 

Write Operations 

The systems software must program each counter of the 
8253 with the mode and quantity desired. The program- 
mer must write out to the 8253 a iVIODE control word and 
the programmed number of count register bytes (1 or 2) 
prior to actually using the selected counter. 

The actual order of the programming is quite flexible. 
Writing out of the MODE control word can be in any 
sequence of counter selection, e.g., counter #0 does not 
have to be first or counter #2 last. Each counter's MODE 
control word register has a separate address so that its 
loading is completely sequence independent. (SCO, SCI) 

The loading of the Count Register with the actual count 
value, however, must be done in exactly the sequence 
programmed in the MODE control word (RLO, RL1). This 
loading of the counter's count register is still sequence 
independent like the MODE control word loading, but 
when a selected count register is to be loaded it must be 
loaded with the number of bytes programmed in the 
MODE control word (RLO, RL1). The one or two bytes to 
be loaded in the count register do not have to follow the 
associated MODE control word. They can be programmed 
at any time following the MODE control word loading as 
long as the correct number of bytes is loaded in order. 

All counters are down counters. Thus, the value loaded 
into the count register will actually be decremented. 
Loading all zeroes into a count register will result in the 
maximum count (2^Mor Binary or 10^ for BCD). In MODE 
the new count will not restart until the load has been 
completed. It will accept one of two bytes depending on 
how the MODE control words (RLO, RL1) are program- 
med. Then proceed with the restart operation. 



MODE Control Word 
Counter n 



LSB 



Count Register byte 
Counter n 



MSB 



Count Register byte 
Counter n 



Note: Format shown is a simple example of loading the 8253 and 
does not imply that it is the only format that can be used. 

Figure 6. Programming Format 



No. 1 
No. 2 
No. 3 
No. 4 

No. 5 
No. 6 

No. 7 

No. 8 
No. 9 





A1 


AO 


MODE Control Word 
Counter 


1 




MODE Control Word 
Counter 1 


1 




MODE Control Word 
Counter 2 


1 




Count Register Byte 
Counter 1 







Count Register Byte 
MSB Counter 1 







1 OD Count Register Byte 
LoB _ _ 
Counter 2 


1 





.„_„ Count Register Byte 
Mod ^ _ 
Counter 2 


1 





Count Register Byte 
Counter 








»>,or> Count Register Byte 
Mod ^ - 
Counter 









Note: The exclusive addresses of each counter's count register make 
the task of progpamming the 8253 a very simple matter, and 
maximum effective use of the device will result if this feature 
is fully utilized. 

Figure 7. Alternate Programming Formats 
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Read Operations 

In most counter applications it becomes necessary to read 
the value of the count in progress and make a 
computational decision based on this quantity. Event 
counters are probably the most common application that 
uses this function. The 8253 contains logic that will allow 
the programmer to easily read the contents of any of the 
three counters without disturbing the actual count in 
progress. 

There are two methods that the programmer can use to 
read the value of the counters. The first method involves 
the use of simple I/O read operations of the selected 
counter. By controlling the AO, A1 inputs to the 8253 the 
programmer can select the counter to be read (remember 
that no read operation of the mode register is allowed AO, 
A1-11). The only requirement with this method is that m 
order to assure a stable count reading the actual operation 
of the selected counter must be inhibited either by 
controlling the Gate input or by external logicthat inhibits 
the clock input. The contents of the counter selected will 
be available as follows: 

first I/O Read contains the least significant byte (LSB). 

second I/O Read contains the most significant byte 
(MSB). 

Due to the internal logic of the 8253 it is absolutely 
necessary to complete the entire reading procedure. If two 
bytes are programmed to be read then two bytes must be 
read before any loading WR command can be sent to the 
same counter. 



Read Operation Chart 



A1 


AO 


RD 













Read Counter No. 





1 





Read Counter No. 1 


1 








Read Counter No. 2 


1 


1 


' 


Illegal 



Reading While Counting 

In order for the programmer to read the contents of any 
counter without effecting or disturbing the counting 
operation the 8253 has special internal logic that can be 
accessed using simple WR commands to the MODE 
register. Basically, when the programmer wishes to read 
the coatents of a selected counter "on the fly" he loads the 
MODE register with a special code which latches the 
present count value into a storage register so that its 
contents contain an accurate, stable quantity. The 
programmer then issues a normal read command to the 
selected counter and the contents of the latched register is 
available. 

IVIODE Register for Latching Count 

AO, A1 = 11 



D7 


D6 


D5 


04 


D3 


D2 


01 


oo 


SCI 


SCO 





X 


X 


X 


X 



801,800— specify counter to be latched. 

D5,D4 — 00 designates counter latching operation. 

X — don't care. 

The same limitation applies to this mode of reading the 
counter as the previous method. That is, it is mandatory 
to complete the entire read operation as programmed. 
This command has no effect on the counter's mode. 



CLK 
8085 


3MHz 




2 


* 1.5MH2 




CLK 

82535 














*lf an 8085 clock output is to drive an 8253-5 clocl< input, it must be reduced to 2 MHz or less. 



Figure 8. MCS-85^'** Cioclc Interface* 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0°Cto70°C 

Storage Temperature -65°Cto+150°C 

Voltage On Any Pin 

With Respect to Ground -0.5 V to +7 V 

Power Dissipation 1 Watt 



*COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (t^ = o°c to 70°c 


; Vcc = 5V 


±5%) 






SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


TEST CONDITIONS 


V|L 


Input Low Voltage 


-0.5 


0.8 


V 




V|H 


Input High Voltage 


2.2 


Vcc+.BV 


V 




Vol 


Output Low Voltage 




0.45 


V 


Note 1 


VOH 


Output High Voltage 


2.4 




V 


Note 2 


l|L 


Input Load Current 




±10 


ma 


V|N = Vcc to OV 


'OFL 


Output Float Leakage 




±10 


ma 


VoUT = Vcc to OV 


Ice 


Vcc Supply Current 




140 


mA 





Note 1: 8253, Iql = 1-6 mA; 8253-5, Iql = 2.2 mA. 
Note 2: 8253, Iqh = -1 50 juA; 8253-5, Iqh = -^00 juA. 



CAPACITANCE Ta = 25°C; Vcc = gnd = ov 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


C|N 


Input Capacitance 






10 


pF 


fc= 1 MHz 


C|/0 


I/O Capacitance 






20 


pF 


Unmeasured pins returned to Vss 



11-40 



8253/8253-5 



A.C. CHARACTERISTICS Ta = o°c to 70°c; Vcc = s.ov ±5%; gnd = ov 
Bus Parameters (Note 1) 
Read Cycle: 



SYMBOL 


PARAMETER 


8253 

MIN. MAX. 


MIN. 


8253-5 

MAX. 


UNIT 


tAR 


Address Stable Before READ 


50 




30 




ns 


tRA 


Address Hold Time for READ 


5 




5 




ns 


tRR 


READ Pulse Width 


400 




300 




ns 


tRD 


Data Delay From READl-^l 




300 




200 


ns 


tDF 


READ to Data Floating 


25 


125 


25 


100 


ns 


tRV 


Recovery Time Between READ 
and Any Other Control Signal 


1 




1 




MS 





Write Cycle: 



SYMBOL 


PARAMETER 


82 

MIN. 


53 

MAX. 


825 
MIN. 


3-5 
MAX. 


UNIT 






50 




30 






^AW 


Address Stable Before WR ITE 


ns 


tWA 


Address Hold Time for WRITE 


30 




30 




ns 


tww 


WRITE Pulse Width 


400 




300 




ns 


tow 


Data Set Up Time for WR ITE 


300 




250 




ns 


tWD 


Data Hold Time for WRITE 


40 




30 




ns 






1 




1 






tRV 


Recovery Tinne Between WRITE 
and Any Other Control Signal 


jUS 



Notes: 1. AC timings measured at Vqh = 2.2, Vql = 0-8 

2. Test Conditions: 8253, Cl = lOOpF; 8253-5: Cl = 1 50pF. 



Write Timing 
Aq-i.c s % 



X 




X 



X 




t 



^s:r:r 



DATA BUS;^^^ HIGH IMPEDANCE ^ 



T77777777777777777T/ | 
HIGH IMPEDANCE 



Input Waveforms for A.C. Tests; 

2.4 



0.45 
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Clock and Gate Timing: 


SYMBOL 


PARAMETER 


8253 

MIN. MAX. 


8253-5 
MIN. MAX. 


UNIT 


tCLK 


Clock Period 


380 


dc 


380 


dc 


ns 


tpWH 


High Pulse Width 


230 




230 




ns 


tpWL 


Low Pulse Width 


150 




150 




ns 


tGW 


Gate Width High 


150 




150 




ns 


tGL 


Gate Width Low 


100 




100 




ns 


tGS 


Gate Set Up Time to CLKt 


100 




100 




"■ ■ " "■ '■ ■■ 

ns 


tGH 


Gate Hold Time After CLKt 


50 




50 




ns 


tOD 


Output Delay From CLKlI^J 




400 




400 


ns 


tODG 


Output Delay From Gateil^^ 




300 




300 


ns 



Note 1 : Test Conditions: 8253: Cl = 1 0OpF; 8253-5: C|_ = 1 50pF. 
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PROGRAMMABLE PERIPHERAL INTERFACE 



MCS-SS^*^ Compatible 8255A-5 

24 Programmable I/O Pins 

Completely TTL Compatible 

Fully Compatible with Intel® Micro- 
processor Families 

Improved Timing Characteristics 



■ Direct Bit Set/Reset Capability Easing 
Control Application Interface 

■ 40-Pin Dual In-Line Package 

■ Reduces System Package Count 

■ Improved DC Driving Capability 



The Intel® 8255A is a general purpose programmable I/O device designed for use with Intel® microprocessors. It has 
24 I/O pins which may be individually programmed in 2 groups of 12 and used in 3 major modes of operation. In the first 
mode (MODE 0), each group of 12 I/O pins may be programmed In sets of 4 to be input or output. In MODE 1 , the second 
mode, each group may be programmed to have 8 lines of input or output. Of the remaining 4 pins, 3 are used for hand- 
shaking and interrupt control signals. The third mode of operation (MODE 2) Is a bidirectional bus mode which uses 8 
lines for a bidirectional bus, and 5 lines, borrowing one from the other group, for handshaking. 



PIN CONFIGURATION 



PA3C: 1 

PA2 \2 2 
PA1 \2 3 
PAOC 4 
RDQ 5 
CS C 6 
GND \Z 7 

A1 [;; 8 

AO C 9 
PC7 [2 10 

PC6 [;^ 11 

PC5C 12 
PC4f 13 
PCO C 14 
PCI C 15 
PC2 C 16 
PC3[: 17 
PBOQ 18 
P81 C 19 
P82Q 20 



"vy 



8255A 



40 [21 PA4 
39 H PA5 
38 Z] PA6 
37 ^ PA7 
36 U WR 
35 ^ RESET 

33 I] D, 
32 J D2 
31 H D3 
30 U D4 
29 U D5 
2OD6 
27 D D, 
26 D Vcc 
25 ~] PB7 
24 D PB6 
23 H PB5 
22 Zl PB4 
21 ^ PB3 



PIN NAMES 



D7-D0 


DATA BUS (BI-DIRECTIONAL) 


RESET 


RESET INPUT 


eg 


CHIP SELECT 


RD 


READ INPUT 


WR 


WRITE INPUT 


A0.A1 


PORT ADDRESS 


PA7-PA0 


PORT A (BIT) 


PB7-PB0 


PORT B (BIT) 


l»C7-PC0 


PORT C (BIT) 


Vcc 


+5 VOLTS 


GND 


fl( VOLTS 



8255A BLOCK DIAGRAM 



JAf H J 



BI-DIRECTIONAl 



\' 1/ BUfff 



c 



:: <^ 



c==c> 



c= 



^=:> 



y- N. ,/o 

\, 1/ PA,.P, 



c 



~^/ PC, P( 



^=c> 



c 
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8255A FUNCTIONAL DESCRIPTION 

General 

The 8255A is a programmable peripheral interface (PPI) 
device designed for use in Intel® microcomputer 
systems. Its function is that of a general purpose I/O 
component to interface peripheral equipment to the 
microcomputer system bus. The functional configura- 
tion of the 8255A is programmed by the system software 
so that normally no external logic is necessary to inter- 
face peripheral devices or structures. 

Data Bus Buffer 

This 3-state bidirectional 8-bit buffer is used to interface 
the 8255A to the system data bus. Data is transmitted or 
received by the buffer upon execution of input or output 
instructions by the CPU. Control words and status infor- 
mation are also transferred through the data bus buffer. 



Read/Write and Control Logic 

The function of this block is to manage all of the internal 
and external transfers of both Data and Control or Status 
words. It accepts inputs from the CPU Address and Con- 
trol busses and in turn, issues commands to both of the 
Control Groups. 



(OS) 

Chip Select. A "low" on this input pin enables the com- 
muniction between the 8255A and the CPU. 



(RD) 

Read. A "low" on this Input pin enables the 8255A to 
send the data or status information to the CPU on the 
data bus. In essence, it allows the CPU to "read from" 
the 8255A. 

(WR) 

Write. A "low" on this input pin enables the CPU to write 
data or control words into the 8255A. 

(Ao and Ai) 

Port Select and Port Select 1. These input signals, in 
conjunction with the RD and WR inputs, control the 
selection of one of the three ports or the control word 
registers. They are normally connected to the least 
significant bits of the address bus (Aq and A-i). 

8255A BASIC OPERATION 



Al 


Ao 


RD 


WR 


cs 


INPUT OPERATION (READ) 











1 





PORT A =* DATA BUS 





1 





1 





PORT B => DATA BUS 


1 








1 





PORT C=> DATA BUS 












OUTPUT OPERATION 
(WRITE) 








1 








DATA BUS => PORT A 





1 


1 








DATA BUS => PORT B 


1 





1 








DATA BUS =* PORT C 


1 


1 


1 








DATA BUS =* CONTROL 












DISABLE FUNCTION 


X 


X 


X 


X 


1 


DATA BUS=* 3-STATE 


1 


1 





1 





ILLEGAL CONDITION 


X 


X 


1 


1 





DATA BUS =* 3-STATE 




Figure 1. 8255A Block Diagram Showing Data Bus Buffer and Read/Write Control Logic Functions 
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(RESET) 

Reset. A "high on this input clears the control register 
and all ports (A, C, C) are set to the input mode. 

Group A and Group B Controls 

The functional configuration of each port is program- 
med by the systems software. In essence, the CPU "out- 
puts" a control word to the 8255A. The control word con- 
tains information such as "mode", "bit set", "bit reset", 
etc., that initializes the functional configuration of the 
8255. 

Each of the Control blocks (Group A and Group B) accepts 
"commands" from the Read/Write Control Logic, receives 
"control words" from the internal data bus and issues the 
proper commands to its associated ports. 

Control Group A - Port A and Port C upper (C7-C4) 
Control Group B - Port B and Port C lower (C3-C0) 
The Control Word Register can Only be written into. No 
Read operation of the Control Word Register is allowed. 



Ports A, B, and C 

The 8255A contains three 8-bit ports (A, B, and 0). All 
can be configured in a wide variety of functional charac- 
teristics by the system software but each has its own 
special features or "personality" to further enhance the 
power and flexibility of the 8255A. 

Port A. One 8-bit data output latch/buffer and one 8-bit 
data input latch. 

Port B. One 8-bit data input/output latch/buffer and one 
8-bit data input buffer. 

Port C. One 8-bit data output latch/buffer and one 8-bit 
data input buffer (no latch for input). This port can be 
divided into two 4-bit ports under the mode control. 
Each 4-bit port contains a 4-bit latch and it can be used 
for the control signal outputs and status signal inputs in 
conjunction with ports A and B. 



PIN CONFIGURATION 
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Figure 2. 8225A Block Diagram Sliowing Group A and 
Group B Control Functions 
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PIN NAMES 



D7-D0 


DAT^ BUS (Bl DIRECTIONAL) 


RESET 


RESET INPUT 


CS 


CHIP SELECT 


RD 


READ INPUT 


WR 


WRITE INPUT 


AO, A1 


PORT ADDRESS 


PA7-PA0 


PORT A (BIT) 


PB7PB0 


PORT B (BIT) 


PC7-PC0 


PORT C (BIT) 


Vcc 


+5 VOLTS 


GND 


a VOLTS 
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8255A OPERATIONAL DESCRIPTION 

Mode Selection 

There are three basic modes of operation that can be select- 
ed by the system software: 

Mode — Basic Input/Output 
Mode 1 -Strobed Input/Output 
Mode 2 — Bi-Directional Bus 

When the reset input goes "high" all ports will be set to 
the input mode (I.e., all 24 lines will be in the high im- 
pedance state). After the reset is removed the 8255A can 
remain In the input mode with no additional initialization 
required. During the execution of the system program 
any of the other modes may be selected using a single 
output instruction. This allows a single 8255A to service 
a variety of peripheral devices with a simple software 
maintenance routine. 

Lint;. 

The modes for Port A and Port B can be separately defined, 
while Port C is divided into two portions as required by the 
Port A and Port B definitions. All of the output registers, in- 
cluding the status flip-flops, will be reset whenever the 
mode is changed. Modes may be combined so that their 
functional definition can be "tailored" to almost any I/O 
structure. For instance; Group B can be programmed in 
Mode to monitor simple switch closings or display compu- 
tational results. Group A could be programmed in Mode 1 
to monitor a keyboard or tape reader on an interrupt-driven 
basis. 





\ ADDRESS BUS } 
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( CONTROL BUS ) 
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\ DATA BUS } 
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J 8^/0 j4h/0 J 4^/0 JsK/O 
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OR I/O OR I/O 
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AT 
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Figure 3. Basic Mode Definitions and Bus Interface 



CONTROL WORD 



T3 



D7 Dg D5 D4 D3 D2 D, Dq 



PORT C (LOWER) 
1 = INPUT 
= OUTPUT 



PORTB 
1 = INPUT 
= OUTPUT 



MODE SELECTION 

0=MODE0 

1 = MODE 1 



PORT C (UPPER) 
1 = INPUT 
= OUTPUT 



PORTA 
1 = INPUT 
= OUTPUT 



MODE SELECTION 

00 = MODE 

01 = MODE 1 
IX = MODE 2 



MODE SET FLAG 
1 = ACTIVE 



Figure 4. IVIode Definition Format 



The mode definitions and possible mode combinations 
may seem confusing at first but after a cursory review of 
the complete device operation a simple, logical I/O ap- 
proach will surface. The design of the 8255A has taken 
into account things such as efficient PC board layout, 
control signal definition vs PC layout and complete 
functional flexibility to support almost any peripheral 
device with no external logic. Such design represents 
the maximum use of the available pins. 



Single Bit Set/Reset Feature 

Any of the eight bits of Port C can be Set or Reset using a 
single OUTput instruction. This feature reduces software 
requirements In Control-based applications. 



11-46 



8255A/8255A-5 



CONTROL WORD 



D7 Dg D5 D4 D3 D2 D, Do 



DON'T 
CARE 



BIT SET/RESET 

1=SET 

0= RESET 



BIT SET/RESET FLAG 
= ACTIVE 



Figure 5. Bit Set/Reset Format 



When Port C is being used as status/control for Port A or B, 
these bits can be set or reset by using the Bit Set/Reset op- 
eration just as if they were data output ports. 

Interrupt Control Functions 

When the 8255A is programmed to operate in mode 1 or 
mode 2, control signals are provided that can be used as 
interrupt request inputs to the CPU. The interrupt re- 
quest signals, generated from port C, can be inhibited or 
enabled by setting or resetting the associated INTE flip- 
flop, using the bit set/reset function of port C. 

This function allows the Programmer to disallow or allow a 
specific I/O device to interrupt the CPU without affecting 
any other device in the interrupt structure. 

INTE flip-flop definition: 

(BIT-SET) - INTE is SET - Interrupt enable 
(BIT-RESET) - INTE is RESET - Interrupt disable 

Note: All Mask flip-flops are automatically reset during 
mode selection and device Reset. 



Operating Modes 



MODE (Basic Input/Output). This functional configura- 
tion provides simple input and output operations for 
each of the three ports. No "handshaking" is required, 
data is simply written to or read from a specified port. 



Mode Basic Functional Definitions: 

• Two 8-bit ports and two 4-bit ports. 

• Any port can be input or output. 

• Outputs are latched. 

• Inputs are not latched. 

• 16 different Input/Output configurations are possible 
in this Mode. 
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MODE Port Definition 
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MODE Configurations 



CONTROL WORD #0 
Dj Dp D5 D4 D3 D2 D, D(, 








-/^ ^ PA7-PA0 



-/-^ ^ PC7-PC4 



y — *- PC3-PC0 



7^ — -PB7-PB0 



CONTROL WORD #2 
D7 Dg D5 D4 



1 




CONTROL WORD #1 



CONTROL WORD #3 



P? °6 P5 P4 P3 P2 Pi Pq 
10 1 



D7 Pe P5 P4 P3 "2 Pi Dp 
10 1 1 




■/ PA7-PA0 



T *' PC7-PC4 



-/^ PC3-PC0 



yi i- PB7-PB0 



-/■ ^ PAyPAo 

-/-^ ^ PC7-PC4 

-/^ PC3-PC0 

-7^-^ PB7-PB0 
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CONTROL WORD #4 
Dy Dg Dg D4 D3 D2 D, Do 



10 




/^ i- PA7-PA0 



/i PC^.PC^ 



-/ *- PB7-PB0 



CONTROL WORD #8 
D7 Dg D5 D4 D3 D2 D, Dq 



10 
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CONTROL WORD ^12 
D, D« D. D^ D, D, D, D„ 



1 
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1 
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/ PC7-PC4 



-/^ — ^ PC3-PC0 



-/^ — - PB7-PB0 



CONTROL WORD #14 
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CONTROL WORD #13 

D7 Dg D5 D4 D3 D2 D, Do 



CONTROL WORD #15 
D7 ^6 D5 D4 D3 D2 D, Dq 



110 



110 




7^ PA7-PA0 



■/ ^ PB7-PB0 




7^ PA7-PA0 

-f^ PC7-PC4 



/ PC3-PC0 



Operating Modes 



MODE 1 (Strobed Input/Output). This functional con- 
figuration provides a means for transferring I/O data to 
or from a specified port in conjunction with strobes or 
"handshaking" signals. In mode 1 , port A and Port B use 
the lines on port C to generate or accept these "hand- 
shaking" signals. 



Mode 1 Basic Functional Definitions: 

• Two Groups (Group A and Group B) 

• Each group contains one 8-bit data port and one 4-bit 
control/data port. 

• The 8-bit data port can be either input or output. 
Both inputs and outputs are latched. 

• The 4-blt port is used for control and status of the 
8-bit data port. 
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Input Control Signal Definition 

STB (Strobe Input). A "low" on this input loads data into 
the input latch. 

IBF (Input Buffer Full F/F) 

A "high" on this output indicates that the data has been 
loaded into the input latch; in essence, an acknowledgement 
IBF is set by STB input being low and is reset by the rising 
edge of the RD input. 

INTR (Interrupt Request) 

A "high" on this output can be used to interrupt the CPU 
when an input device is requesting service. INTR is set by 
the STB is a "one", IBF is a "one" and INTE is a "one". 
It is reset by the falling edge of RD. This procedure allows 
an input device to request service from the CPU by simply 
strobing its data into the port. 



INTE A 

Controlled by bit set/reset of PC4. 

INTEB 

Controlled by bit set/reset of PC2. 



CONTROL WORD 
Dy Dg D5 D4 D3 D2 D, Do 



10 11 1/0 
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1 = INPUT 
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CONTROL WORD 
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MODE 1 (PORT A) 
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INTRg 



Figure 6. MODE 1 Input 




Figure 7. MODE 1 (Strobed Input) 
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Output Control Signal Definition 



OBF (Output Buffer Full F/F). The DBF output will go 
"low" to Indicate that the CPU has written data out to 
the specified port. The OBF F/F will be set by the rising 
edge of the WR input and reset by ACK Input being low. 

ACk (Acknowledge Input). A "low" on this Input Informs 
the 8265A that the data from port A or port B has been ac- 
cepted. In essence, a response from the peripheral 
device Indicating that It has received the data output by 
the CPU. 



INTR (Interrupt Request). A "high" on this output can be 
used to interrupt the CPU when an output device has ac- 
cepted data transmitted by the CPU. INTR Is set when 
ACK is a "one", OBF is a "one" and INTE Is a "one". It Is 
reset by the falling edge of WR. 



INTE A 

Controlled by bit set/reset of PCq. 

INTEB 

Controlled by bit set/reset of PC 2. 



MODE 1 (PORT A) 



CONTROL WORD 
D7 De D5 D4 P3 D2 Di Dp 
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CONTROL WORD 
°7 °6 D5 D4 D3 D2 D, Do 



HM 



MODE 1 (PORT B) 

PB7-PB0 
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1 1 

1 INTE 1 
1 B 1 


PC, 
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PCo 





ACKe 



Figure 8. MODE 1 Output 




Figure 9. Mode 1 (Strobed Output) 
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Combinations of iVIODE 1 

Port A and Port B can be individually defined as Input or 
output in Mode 1 to support a wide variety of strobed I/O 
applications. 
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Dy De Dg D, 


D3 


D2 D, Do 
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' °XI 
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*- 1 = INPUT 
= OUTPUT 




PORT A - (STROBED INPUT) 
PORT B - (STROBED OUTPUT) 



CONTROL WORD 
D7 Dfi D5 D, 
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D, D, Do 
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^\^M 










— 1 


•- 1 = INPUT 
= OUTPUT 



=0 



PB7-PB0 
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PC3 

PC, . 










2 



c^ 



PORT A - (STROBED OUTPUT) 
PORT B - (STROBED INPUT) 



Figure 10. Combinations of MODE 1 



Operating IVIodes 



Output Operations 



IVIODE 2 (Strobed Bidirectional Bus I/O). This functional 
configuration provides a means for connmunicating with 
a peripheral device or structure on a single 8-blt bus for 
both transmitting and receiving data (bidirectional bus 
I/O). "Handshaking" signals are provided to maintain 
proper bus flow discipline in a similar manner to MODE 
1. Interrupt generation and enable/disable functions are 
also available. 



OBF (Output Buffer Ful). The OBF output will go "low" 
to indicate that the CPU has written data out to port A. 

ACK (Acknowledge). A "low" on this input enables the 
tri-state output buffer of port A to send out the data. 
Otherwise, the output buffer will be in the high im- 
pedance state. 



MODE 2 Basic Functional Definitions: 

• Used in Group A only . 

• One 8-bit, bi-directional bus Port (Port A) and a 5-blt 
control Port (Port C). 

• Both inputs and outputs are latched. 

• The 5-bit control port (Port C) is used for control 
and status for the 8-bit, bi-directional bus port (Port 
A). 

Bidirectional Bus I/O Control Signal Definition 

INTR (Interrupt Request). A high on this output can be 
used to interrupt the CPU for both input or output opera- 
tions. 



INTE 1 (The INTE FlipFlop Associated with OBF). Con- 
trolled by bit set/reset of PCe- 

Input Operations 

STB (Strobe Input) 

STB (Strobe Input). A "low" on this input loads data into 
the input latch. 

IBF (Input Buffer Full F/F). A "high" on this output in- 
dicates that data has been loaded into the input latch. 



INTE 2 (The INTE Flip-Flop Associated with IBF). Con- 
trolled by bit set/reset of PC4. 
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CONTROL WORD 
D^ Dg D5 D4 D3 D 


2 D 


1 D 





. .X[xIX--- 


■^ 
















1 = INPUT 
= OUTPUT 



PORTB 
1 = INPUT 
= OUTPUT 



GROUP B MODE 
0=IVIODE0 
1 = MODE 1 




Figure 11. MODE Control Word 



Figure 12. MODE 2 



DATA FROM 
CPU TO 8255A 



PERIPHERAL 
BUS 




DATA FROM 
PERIPHERAL TO 8255A 



DATA FROM 
82S5A TO PERIPHERAL 



DATA FROM 
825SA TO 8080 



Figure 13. MODE 2 (Bidirectional) 



NOTE: Any sequence where WR occurs before ACK and STB occurs before RD is permissible. 
(INTR = IBF . MASK • STB • RD + OBF • MASK • ACK • WR ) 
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MODE 2 AND MODE (INPUT) 
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Figure 14. MODE 2 Combinations 
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Mode Definition Summary 





MODE 
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MODE 1 
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OUT 
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OUT 
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OUT 
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OUT 
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OUT 
OUT 
OUT 


INTRb 

IBFb 
STBb 
INTRA 
STBa 

IBFa 

I/O 

I/O 


INTRb 
OBFb 
ACKb 
INTRA 
I/O 
I/O 
ACKa 
OBFa 



MODE 2 



GROUP A ONLY 



■^ ► 

^ ► 



I/O 

I/O 

I/O 
INTRA 
STBa 
IBFa 
ACKa 
OBFa 



MODEO 
- OR MODE 1 
ONLY 



Special Mode Combination Considerations 

There are several combinations of modes when not all of the 
bits in Port C are used for control or status. The remaining 
bits can be used as follows: 

If Programmed as Inputs — 

All input lines can be accessed during a normal Port C 

read. 

If Programmed as Outputs — 

Bits in C upper (PC7-PC4) must be individually accessed 

using the bit set/reset function. 

Bits in C lower (PC3-PC0) can be accessed using the bit 
set/reset function or accessed as a threesome by writing 
into Port C. 

Source Current Capability on Port B and Port C 

Any set of eight output buffers, selected randomly from 
Ports B and C can source 1mA at 1.5 volts. This feature 
allows the 8255 to directly drive Darlington type drivers 
and high-voltage displays that require such source current. 

Reading Port C Status 

In Mode 0, Port C transfers data to or from the peripheral 
device. When the 8255 is programmed to function in Modes 
1 or 2, Port C generates or accepts "hand-shaking" signals 
with the peripheral device. Reading the contents of Port C 



allows the programmer to test or verify the "status" of each 
peripheral device and change the program flow accordingly. 

There is no special instruction to read the status informa- 
tion from Port C. A normal read operation of Port C is 
executed to perform this function. 





rNPUT CONFIGURATION 
D7 De D5 D, D3 D2 D, Do 






I/O 


I/O 


IBFa 


INTE^ 


INTR^ 


INTEb 


IBFb 


INTRg 






II 




GROUP A GROUPS 

OUTPUT CONFIGURATION 
Dy De D5 D, D3 D2 D, Do 




OBF^ 


INTE^ 


I/O 


I/O 


INTR^ 


INTEg 


OBFb 


INTRg 










GROUP A GROUP B 


Figure 15. MODE 1 Status Word Format 




Dy Dg D5 D4 D3 D2 D^ Do 






OBF^ 


INTE, 


'BFa 


INTE2 


INTR^ 


X 


X 


X 










GROUP A ^^_^ GROUP B 
(DEFINED BY MODE OR MODE 1 SELECTION) 



Figure 16. MODE 2 Status Word Format 
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APPLICATIONS OF THE 8255A 

The 8255A is a very powerful tool for interfacing 
peripheral equipment to the microcomputer system. It 
represents the optimum use of available pins and is flex- 
ible enough to interface almost any I/O device without 
the need for additional external logic. 

Each peripheral device in a microcomputer system 
usually has a "service routine" associated with it. The 
routine manages the software interface between the 
device and the CPU. The functional definition of the 
8255A Is programmed by the I/O service routine and 
becomes an extension of the system software. By ex- 
amining the I/O devices interface characteristics for 
both data transfer and timing, and matching this infor- 
mation to the examples and tables in the detailed opera- 
tional description, a control word can easily be devel- 
oped to initialize the 8255A to exactly "fit" the applica- 
tion. Figures 17 through 23 present a few examples of 
typical applications of the 8255A. 



INTERRUPT 
REQUEST 



INTERRUPT 
REQUEST " 



M0DE1 
(OUTPUT) 



PCy 



M0DE1 
(OUTPUT) 



INTERRUPT 
REQUEST 



3 



DATA READY 
ACK 

PAPER FEED 
FORWARD/REV 



DATA READY 
ACK 



HIGH-SPEED 
PRINTER 



HAMMER 
RELAYS 



DATA READY 

ACK 

PAPER FEED 

FORWARD/REV 

RIBBON 

CARRIAGE SEN. 



CONTROL LOGIC AND DRIVERS 



Figure 17. Printer Interface 



n 



PCs 
8255A 

MODEl 
(INPUT) 


PAo 
PAi 
PA2 
PA3 
PA, 

PA5 
PAe 
PA, 

PC4 
_PC5 




Ro 
Ri 

R2 FULLY 
R DECODED 
3 KEYBOARD 
R4 
R5 

SHIFT 
CONTROL 

STROBE 
ACK 




























MODEl 
(OUTPUT) 

PCo 


PBo 
PBi 
PB2 
PB3 
PB4 
PB5 
PBe 
PB7 

PC, 

PC2 

PCe 

LPC7 




Bo 

Bi 

„ BURROUGHS 

2 SELF-SCAN 
B3 DISPLAY 

B4 

B5 

BACKSPACE 

CLEAR 

DATA READY 
ACK 

BLANKING 
CANCEL WORD 
























, 



INTERRUPT 
REQUEST 



J 



Figure 18. Keyboard and Display Interface 



INTERRUPT^ 
REQUEST 



MODE 1 
(INPUT) 



MODE 
(INPUT) ' 



P FULLY 

"3 DECODED 

R^ KEYBOARD 

R5 

SHIFT 

CONTROL 

STROBE 
ACKNOWLEDGE 
BUSY LT 
TEST LT 



-cT 

-cT' 
-kT' 

-<r' 






TERMINAL 
ADDRESS 



Figure 19. Keyboard and Terminal Address Interface 
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PA4 


MODE 


PA5 


(OUTPUT) 


PAfi 




PA7 




PC4 




PCs 


8255A 


PCe 
PC, 



PAo 



BIT 
SET/RESET 



MODE 
(INPUT) 



SAMPLE EN 
STB 



LSB 

8-BIT 

AD 

CONVERTER 

(ADC) 



INTERRUPT 
REQUEST 



12-BIT 

DA 

CONVERTER 

(DAC) 



STB DATA 
OUTPUT EN 



- ANALOG OUTPUT 



- ANALOG INPUT 



n 



MODE 
(OUTPUT) 



FLOPPY DISK 
CONTROLLER 
AND DRIVE 



DATA STB 
ACK (IN) 
DATA READY 
ACK (OUT) 

TRACK "0" SENSOR 
SYNC READY 
INDEX 



ENGAGE HEAD 
FORWARD/REV. 
READ ENABLE 
WRITE ENABLE 
DISC SELECT 
ENABLE CRC 
TEST 
BUSY LT 



Figure 20. Digital to Analog, Analog to Digital 



Figure 22. Basic Floppy Disc Interface 



INTERRUPT 
REQUEST "■ 



MODE 1 
(OUTPUT)' 



MODE _ 
(OUTPUT) 



INTERRUPT 
REQUEST 



CRT CONTROLLER 

• CHARACTER GEN. 

• REFRESH BUFFER 

• CURSOR CONTROL 



SHIFT 
CONTROL 

DATA READY 
ACK 

BLANKED 
BLACK/WHITE 



ROW STB 
COLUMN STB 
CURSOR H/VSTB 



CURSOR/ROW/COLUMN 

ADDRESS 

H& V 



MODE 1 
(INPUT) 



MODE 
(INPUT) 



MODE 
(OUTPUT) 



Ro 




Ri 




p 


8 LEVEL 




PAPER 


H, 


TAPE 


R. 


READER 



STB 
ACK 
STOP/GO 



MACHINE TOOL 



START/STOP 

LIMIT SENSOR (H/V) 

OUT OF FLUID 



CHANGE TOOL 

LEFT/RIGHT 

UP/DOWN 

HOR. STEP STROBE 

VERT. STEP STROBE 

SLEW/STEP 

FLUID ENABLE 

EMERGENCY STOP 



Figure 21. Basic CRT Controller Interface 



Figure 23. Machine Tool Controller Interface 
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ABSOLUTE MAXIMUM RATINGS' 



Ambient Temperature Under Bias C to 70 C 

Storage Temperature — 65°C to +150 C 

Voltage on Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1 Watt 



*COMMENT: Stresses above those listed under '"Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS 

Ta = 0°C to 70°C, Vcc = +5V ±5%; GND = OV 


SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


TEST CONDITIONS 


V,L 


Input Low Voltage 


-0.5 


0.8 


V 




V|H 


Input High Voltage 


2.0 


Vcc 


V 




Vol (DB) 


Output Low Voltage (Data Bus) 




0.45 


V 


l0L = 2.5mA 


Vol(PER) 


Output Low Voltage (Peripheral Port) 




0.45 


V 


Iql = 1.7mA 


Voh(DB) 


Output High Voltage (Data Bus) 


2.4 




V 


lOH =-400juA 


Voh(PER) 


Output High Voltage (Peripheral Port) 


2.4 




V 


loH = -200mA 


IdarI^I 


Darlington Drive Current 


-1.0 


-4.0 


mA 


REXT = 750aVEXT=1.5V 


•cc 


Power Supply Current 




120 


mA 




l|L 


Input Load Current 




±10 


MA 


V|N = Vcc to OV 


•OFL 


Output Float Leakage 




±10 


ma 


V0UT = VcctoOV 



Note 1 : Available on any 8 pins from Port B and C. 

CAPACITANCE 

Ta =25°C;Vcc = GND = 0V 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


TEST CONDITIONS 


C|N 


Input Capacitance 






10 


pF 


fc= 1MHz 


C|/o 


I/O Capacitance 






20 


pF 


Unmeasured pins returned to GND 



X 



750n 

-AVv o Vext* 



; lOOpF 



*Vext 's set at various voltages during testing to guarantee the specification. 



Figure 24. Test Load Circuit (for dB) 
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A.C. CHARACTERISTICS 

Ta = 0°C to 70° C; Vcc = +5V ±5%; GND = OV 

Bus Parameters 
Read: 



Write: 



Tilt iiS§A-S .^4c|Cioa^ 
■p0^rmmti^ M^ art ^^h?^ 





PARAMETER 


8255A 


/' ;ra^^^^''^ 




SYMBOL 


MIN. 


MAX. 


mn^ 


' ^hx^ ■ 


UNIT 


tAR 


Address Stable Before READ 







u ^ 


- 'I 


ns 


tRA 


Address Stable After READ 







, . 




ns 


tRR 


READ Pulse Width 


300 




^0 




ns 


tRD 


Data Valid FromREADHl 




250 




.\ ■2CW-" 


ns 


tDF 


Data F loat After R EAD 


10 


150 


\,m 


too 


ns 


tRV 


Time Between R EADs and/or WRITEs 


850 




::m: ^ 




ns 



SYMBOL 



PARAMETER 



8265A 



MIN. 



MAX. 



, 0;^A4^ 



mm. 



mm. 



UNIT 



tAW 



Address Stable Before WRITE 



twA 



Address Stable After WR ITE 



20 



20 



tww 



WRITE Pulse Width 



400 



306 



tow 



Data Valid to WRITE (T.E.) 



100 



\m 



tWD 



Data Valid After WRITE 



30 



m 



other Timings: 
















PARAMETER 


8255A 


^ B:;^iiA»:i 




SYMBOL 


MIN. 


MAX. 


m% 


Max 


UNIT 


tWB 


WR = 1 toOutputni 




350 




' m 


ns 


t|R 


Peripheral Data Before RD 












ns 


tHR 


Peripheral Data After RD 







, ,, 




ns 


tAK 


ACK Pulse Width 


300 




am) 




ns 


tST 


STB Pulse Width 


500 




m ■" 




ns 


tps 


Per. Data Before T.E. of STB 












ns 


tpH 


Per. Data After T.E. of STB 


180 




m 




ns 


tAD 


ACK = 0toOutputn] 




300 




w^ 


ns 


tKD 


ACK= 1 to Output Float 


20 


250 


rm 


' ■m^^ 


ns 


tWOB 


WR = 1 toOBF = on] 




650 




6SD 


ns 


tAOB 


ACK=0toOBF = in] 




350 




zm 


ns 


tSIB 


STB = to IBF = in] 




300 




''':;»!. ; 


ns 


^RIB 


RD = 1 to IBF = on] 




300 




im 


ns 


tRIT 


RD = Oto INTR = 0^11 




400 




m^ 


ns 


tsiT 


STB = 1 to INTR = 1 [11 




300 




^m 


ns 


tAIT 


ACK=1 to INTR = in] 




350 




%m 


ns 


twiT 


WR = Oto INTR = 0^1 




850 




am ' 


ns 



Notes: 1. Test Conditions: 8255A: Cl = 100pF; 8255A-5: Cl = 150pF. 

2, Period of Reset pulse must be at least 50)us during or after power on. 
Subsequent Reset pulse can be 500 ns min. 
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: TEST POINTS " 



DC 



Figure 25. Input Waveforms for A.C. Tests 



^v. 



X 



X 



c 



J^ 



X 



X. 



X 



>■ 



Figure 26. MODE (Basic Input) 



Dy-Do 



X 



t 



/ 



X 



tpyy ^ 



-*WD- 



X 



X 



Figure 27. MODE (Basic Output) 
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INPUT FROM . 
PERIPHERAL 



i 



-tST- 



^N ^' 



I 



A h"'"'^ 1^ 



V 



h- 



\ 



f 



Figure 28. MODE 1 (Strobed Inut) 



WR 


\ 


k — 1 


{ 


7 


































^ 




OBF 




\ 




A 






^•wOB-i-l ' 


\ 






^ /^ 


<, 


INTR 




\ 








■♦— *wrT— *■ 






Yl 




y 




ACK 


^ \ 


J 

-tAK ^ 


r 

'ait ► 




OUTPUT 


> 












-twB 















■ Figure 29. I\/I0DE 1 (Strobed Output) 
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PERIPHERAL 
BUS 




DATA FROM 
PERIPHERAL TO 8255 



DATA FROM 
8255 TO PERIPHERAL 



DATA FROM 
8255 TO 8080 



Figure 30. MODE 2 (Bidirectional) 



NOTE: Any sequence where WR occur s be fore ACK and STB occurs before RD is pernnlssible. 
(INTR= IBF . MASK • STB • RD + OBF • MASK • ACK • WR ) 
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PROGRAMMABLE FLOPPY DISK CONTROLLER 



IBM 3740 Soft Sectored Format Compatible 

Programmable Record Lengths 

Multi-Sector Capability 

Maintain Dual Drives with Minimum Software 
Overhead Expandable to 4 Drives 

Automatic Read/Write i^ead Positioning and 
Verification 



■ internal CRC Generation and Checidng 

■ Programmable Step Rate, Settle-Time, Head 
Load Time, Head Unload Index Count 

■ Fully MCS-80 and MCS-85 Compatible 

■ Single -i- 5V Supply 

■ 40-Pin Paclcage 



The Intel® 8271 Programmable Floppy Disk Controller (FDC) is an LSI component designed to interface one to 4 floppy 
disk drives to an 8-bit microcomputer system. Its powerful control functions minimize both hardware and software 
overhead normally associated with floppy disk controllers. 



PIN CONFIGURATION 



BLOCK DIAGRAM 




FAULT RESET/OPO £ 

SELECT C 

4MHzCLK C 

RESET C 

READY 1 C 

SELECT 1 C 

DACK C 

DRQ C 

RD C 

WR C 

INT C 

DBO C 

DB1 C 

DB2 C 

DB3 E 

DB4 C 

DBS C 

DB6 Q 

DB7 C 

GND C 



36 3 

35 U 

34 3 

33 3 

32 3 

31 3 

30 3 

29 3 

28 3 

27 3 

26 3 

25 3 

24 3 

23 3 I 

22 3 I 
20' 



Vcc 

LOW CURRENT 

LOAD HEAD 

DIRECTION 

SEEK/STEP 

WR ENBLE 

INDEX 

WR PROTECT 

READY 

TRKO 

COUNT/OPI 

WR DATA 

FAULT 

UNSEP DATA 

DATA WINDOW 

PLO/SS 

CS 



PIN NAMES 



STATUS REG. 


COMMAND REG. 


RESULT REG. 


PARAMETER REG. 




RESET 



/^^ 



o 



DATA BUS 
BUFFER 



DRQ 
DACK 



READ/ 
WRITE 
/DMA 
CONTROL 
LOGIC 



O 



DB7-OB0 

CLK 


DATA BUS IBI DIRECTIONAL) 
CLOCK INPUT (TTL) 


PLO/SS 


PLO/SINGLE SHOT 
DATA WINDOW 


OaU WINDOW 






UNSEP DATA 




FAULT RESET/OPO 


FAULT RESET/OPTIONAL OUTPUT 


FAULT 




BESET 






WRITE DATA 






COUNT/OPI 




Bxcir 


DMA ACKNOWLEDGE 


trTo- 


TRACK 


DRQ 




WR PROTECT 




rS 


CPU READ INPUT 


INDEX 




^ 


CPU WRITE INPUT 




WRITE ENABLE 


INT 




SEEK/STEP 


SEEK/STEP 


Al.O 


REGISTER SELECT 


DIRECTION 




INSYNC 


READ DATA INSVNC 


LOAD HEAD 




e? 


CHIP SELECT 


LOW CURRENT 


LOW CURRENT 



INTERNAL 
DATA BUS 



CPU INTERFACE 



W 



SERIAL 
INTERFACE 
CONTROLLER 












t 








DRIVE 
INTERFACE 
CONTROLLER 



WR DATA 
INSYNC 



DATA WINDOW 
PLO/SS 



-1/ 



OUTPUT 
BUFFER 



DISK INTERFACE 



TRACK 

COUNT /OPI 

INDEX 

WR PRO TECT 

FAULT 



SELECT 
SELECT 1 
WR ENABLE 
LOAD HEAD 
SEEK/STEP 
DIRECTION 
LOW CURRENT 
FAULT RESET/OPO 
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8271 BASIC FUNCTIONAL DESCRIPTION 

General 

The 8271 Floppy Disk Controller (FDC) Interfaces either 
two single or one dual floppy drive to an eight bit 
microprocessor and is fully compatible with Intel's 
new high performance MCS-85 microcomputer system. 
With minimum external circuitry, this innovative controller 
supports most standard, commonly-available flexible disk 
drives including the mini-floppy. 

The 8271 FDC supports a comprehensive soft sectored 
format which is IBM 3740 compatible and includes 
provision for the designating and handling of bad tracks. It 
is a high level controller that relieves the CPU (and user) of 
many of the control tasks associated with implementing a 
floppy disk interface. The FDC supports a variety of high 
level instructions which allow the user to store and retrieve 
data on a floppy disk without dealing with the low level 
details of disk operation. 

In addition to the standard read/write commands, a scan 
command is supported. The scan command allows the 
user program to specify a data pattern and instructs the 
FDC to search for that pattern on a track. Any application 
that is required to search the disk for information (such as 
point of sale price lookup, disk directory search, etc.), may 
use the scan command to reduce the CPU overhead. Once 
the scan operation is initiated, no CPU intervention is 
required. 

Hardware Description 

The 8271 Is packaged in a 40 pin DIP. The following is a 
functional description of each pin. 



Pin 
Name 



Pin 
No. 



I/O Description 



Pin 
Name 



Pin 

No. I/O Description 



Vcc 
GND 
Clock 
Reset 



(40) 
(20) 
(3) 
(4) 



+ 5V supply 
Ground 
I A square wave clock 



CS 



DB7-DB0 (19-12) I/O 



WR 



RD 



INT 



I A high signal on the reset input 
forces the 8271 to an idle state. 
The 8271 remains idle until a com- 
mand is issued by the CPU. The 
output signals of the drive inter- 
face are forced inactive (LOW). 
Reset must be active for 10 or 
more clock cycles. 

(24) I The I/O Read and I/O Write inputs 
are enabled by the chip select signal. 

The Data Bus lines are bidirection- 
al, three-state lines (8080 data 
bus compatible). 

(10) I The Write signal is used to signal 

the control logic that a transfer of 
data from the data bus to the 8271 
is required. 

(9) I The Read signal is used to signal 
the control logic that a transfer of 
data from the 8271 to the data bus 
is required. 

(11) O The interrupt signal indicates that 

the 8271 requires service. 



A-Ao 



DRO 



DACK 



Select 1 - 
Select 



(22-21) I 



(8) 



(7) 



(6) 
(2) 



Fault Reset/ (1) 
OPO 



Write Enable (35) O 
Seek/Step (36) O 
Direction (37) O 



Load Head (38) O 



Low Current (39) O 



Ready 1, 



(5) I 



Ready (32) 

Fault (28) I 



Count/OPI (30) I 



Write Protect (33) I 




Write Data (29) O 



These two lines are CPU Inter- 
face Register select lines. 
The DMA request signal is used to 
request a transfer of data between 
the 8271 and memory. 

The DMA acknowledge signal 
notifies the 8271 that a DMA cycle 
has been granted. For non-DMA 
transfers, this signal should be 
driven in the manner of a "Chip 
Select". 

These lines are used to specify the 
selected drive. These lines are set 
by the command byte. 

The optional fault reset output line 
Is used to reset an error condition 
which is latched by the drive. If 
this line is not used for a fault 
reset it can be used as an optional 
output line. This line is set with 
the write special register com- 
mand. 

This signal enables the drive write 
logic. 

This multi-function line is used dur- 
ing drive seeks. 

The direction line specifies the 
seek direction. A high level on 
this pin steps the R/W head 
toward the spindle (step-in), a 
low level steps the head away 
from the spindle (step-out). 

The load head line causes the 
drive to load the Read/Write head 
against the diskette. 

This line notifies the drive that track 
43 or greater is selected. 

These two lines indicate that the 
specified drive is ready 

This line is used by the drive to 
specify a file unsafe condition. 

If the optional seek/direction/ 
count seek mode Is selected, the 
count pin receives pulses to step 
the R/W head to the desired track. 
Otherwise, this line can be used 
as an optional input. 

This signal specifies that the 
diskette inserted is write pro- 
tected. 

This signal indicates when the R/W 
head is positioned over track zero. 

The index signal gives an indication 
of the relative position of the diskette. 

This pin is used to specify the type 
of data separator used. Phase- 
Locked Oscillator/Single Shot. 

Composite write data. 
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Pin 
Name 


Pin 
No. 


I/O 


Description 






d (27) 


1 


This input is 
and clocks. 




Unseparate 
Data 


the unseparated data 



Data Window (26.) I 



INSYNC 



(23) O 



This is a data window established 
by a single-shot or phase-locked 
oscillator data separator. 

This line is high when 8271 has 
attained input data synchroni- 
zation, by detecting 2 bytes of 
zeros followed by an expected 
Address Mark. It will stay high 
until the end of the ID or data 
field. 



CPU \nieriac9 Description 

This Interface minimizes CPU involvement by supporting 
a set of high level commands and both DMA and non-DMA 
type data transfers and by providing hierarchical status 
Information regarding the result of command execution. 

The CPU utilizes the control Interface (see the Block 
diagram) to specify the FDC commands and to determine 
the result of an executed command. This interface is 
supported by five Registers which are addressed by the 
CPU via the Ai, Ao, RD and WR_signals. If an 8080 based 
system is u sed, t he R D and WR signals can be driven by 
the 8228's I/OR and l/OW signals. The registers are 
defined as follows: 



Command Register 

The CPU loads an appropriate command into 
Command Register which has the following format: 



the 



Result Register 

The Result Register is used to supply the outcome of FDC 
command execution (such as a good/bad completion) to 
the CPU. The standard Result byte format is: 



Ai Ao D7 


De Db D4 D3 


D2 Di 


Do 


|o|,|o 


«l 1 i 


1 1 


IH 



- NOT USED = 

- COMPLETION CODE 

- COMPLETION TYPE 

- DELETED DATA FOUND 

- NOT USED = 00 









Wf^^'tx-. 




Figure 1. 8271 Blocic Diagram Showing CPU 
interface Functions 

Status Register 

Reflects the state of the FDC. 



Ai Ao D7 


De D5 D4 D3 


D2 Di 


Do 


|o|o| 1 1 1 1 1 1 i 


\ 


/\ 


/ 

















COMMAND OPCODE 
SURFACE/DRIVE 
(SELECT 0, 1) 



Parameter Register 

Accepts parameters of commands that require further 
description; up to five parameters may be required, 
example: 



Ai Ao D7 Dg D5 D4 


D3 


2 Di 


Do 


lohl 11 1 MM 


\ 




y 



Ai 


Ao D7 De D5 


D4 D3 D2 Di 


Do 


Ll. 


o| 1 1 


T TTT-o- 


.°J 



- 1 = NON-DMA DATA REQUEST 

- 1 = INTERRUPT REQUEST 

- 1 = RESULT REGISTER FULL 

- 1 = PARAMETER REGISTER FULL 

- 1 = COMMAND REGISTER FULL 

- 1 = COMMAND BUSY 



- EXPECTED PARAMETER 



Reset Register 

Allows the 8271 to be reset by the program. Reset must 
be active for 11 or more chip clocks. 

iNT (Interrupt Line) 

Another element of the control interface is the Interrupt 
line (INT). This line Is used to signal the CPU that an FDC 
operation has been completed. It remains active until the 
result register is read. 
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DMA Operation 

The 8271 can transfer data in either DMA or non DMA 
mode. The data transfer rate of a floppy disk drive is high 
enough (one byte every 32 usee) to justify DMA transfer. 
In DMA mode the elements of the DMA interface are: 

DRQ: DMA Request: 

The DMA request signal is used to request a transfer of 

data between the 8271 and memory. 



DACK: DMA Acknowledge: 

The DMA acknowledge signal notifies the 8271 that a DMA 

cycle has been granted. 

RD, WR: Read, Write 

The read and write signals are used to specify the 

direction of the data transfer. 

DMA transfers require the use of a DMA controller such as 
the lntel®8257. The function of the DMA controller is to 
provide sequential addresses and timing for the transfer 
at a starting address determined by the CPU. Counting of 
data block lengths is performed by the FDC. 
To request a DMA transfer, the FDC raises DRQ. DACK 
and RD enable DMA data onto the bus (independently of 
CHIP SELECT). DACK and WR transfer DMA data to the 
FDC. If a data transfer request (read or write) is not 
serviced within 31 ^sec, the command is cancelled, a late 
DMA status is set, and an interrupt is generated. In DMA 
mode, an interrupt is generated at the completion of the 
data block transfer. 

When configured to transfer data in non-DMA mode, the 
CPU must pass data to the FDC in response to the non- 
DMA data requests indicated by the status word. The 
data is passed to and from the chip by asserting the 
DACK and the RD or WR signals. Chip select should be 
inactive (HIGH). 



stATosRss^jJ e<»((«A«j«>«fa, 



mmu (tmAi'MiMmnti mis^i 






'\n)/ 












nam: 



/tmJ\ 



WCU «9Tfe«*jftDe 



AA 



SERIAL 
INTERFACE 
CONTROLLER 








' 




■■■f:;.:: 





<^ 



\^ 



DRIVE 
INTERFACE 
CONTROLLER 












- &ej»e-cT6 



&m mn.m*m 



<mmimi.'&. 

*~^ S)-J«fCT(0« 



Disk Drive Interface 

The 8271 disk drive interface supports tjhe higti level 
command structure described in the Command Deserlp*^ 
tion section. The 8271 maintains the location of bad tracks 
and the current track location for two drives. However, 
with minor software support, this interface can support 
four drives by expanding the two drive select lines (select 
0, select 1) with the addition of minimal support hardware. 

The FDC Disk Drive Interface has the following major 
functions. 

READ FUNCTIONS 

Utilize the user supplied data window to obtain the clock 

and data patterns from the unseparated read data. 

Establish byte synchronization. 

Compute and verify the ID and data field CRCs. 

WRITE FUNCTIONS 

Encode composite write data. 

Compute the ID and data field CRCs and append them to 
their respective fields. 

CONTROL FUNCTIONS 

Generate the programmed step rate, head load time, head 

settling time, head unload delay, and monitor drive 

functions. 



DATA WINDOW 



UNSEPARATED DATA 






WRITE ENABLE 



->o- 



->^ 



->^ 



->«- 



->«- 



LOW CURRENT 



WRITE PROTECT 



WRITE FAULT 



->^ 



WRITE FAULT RESET/OPO 



DUAL 

FLOPPY 

DISK 

DRIVE 



NOTE: INPUTS TO CHIP MAY REQUIRE RECEIVERS 
{AT LEAST PULL UP/DOWN PAIRS). 



Figure 2. 8271 Block Diagram Showing Disk Interface 
Functions 



Figure 3. 8271 Disk Drive Interface 
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Data Separation 

The 8271 needs only a data window to separate the data 
from the composite read data as well as to detect missing 
clocks in the Address Marks. 

The window generation logic may be implemented using 
either a single-shot separator or a phase-locked oscillator. 



Insync Pin 

This pin gives an indication of whether the B271 is 
synchronized with the serial data stream during read 
operations. This pin can be used with a phase-locked 
oscillator for soft and hard locking. 



Single-Shot Separator 

The single-shot separator approach is the lowest cost 
solution. 

The FDC samples the value of Data Window on the leading 
edge of Unseparated Data and determines whether the 
delay from the previous pulse was a half or full bit-cell 
(high input = full bit-cell, low input = half bit-cell). 
PLO/SS should be tied to Ground. 



FOUND SYNC & ID MARK 
READ ID FIELD BUT 
TRACK OR SECTOR 
INCORRECT 



FOUND SYNC & ID MARK 
(D FIELD CORRECT 



FOUND SYNC & DATA MARK 
NOT AN ID MARK 



Figure 4. insync Waveform 



J~m TLT 



FOUND SYNC & DATA MARK 
READ DATA SECTOR 



UNSEP ARATED . 
DATA 



RETRIGGERABLE 

SINGLE-SHOT 
2.851US WINDOW* 



DATA WINDOW 



-►O 



8271 FDC 



J 



PLO/SS 



*FOR MINI-FLOPPY DATA WINDOW = 5.7Msec 



Figure 5. Singie-Shot Data Separator Blocic Diagram 



DATA 



^y- 



tDS> 100ns- 



DATA 
WINDOW 



f 



tDH>Ons - 



Figure 6. Singie-Shot Data Window Timing 
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Phase-Locked Oscillator Separator 

The FDC samples the value of Data Window on the leading 
edge of Unseparated Data and determines whether the 
pulse represents a Clock or Data Pulse. 

PLO/SS should be tied to Vcc (+5V). 



Insync may be used to provide soft and hard looking 
control for the phase-locked oscillator. 







PLO 


DATA WINDOW 


8271 FDC 






UNSEPARATED 


DATA 
















1 

1 


i ? 






1 


IN SYNC 


* 


--.J T 
+5V 



•OPTIONAL 



Filgure 7. PLO Data Separator Block Diagram 



DATA 



* DATA 
WINDOW 



J — ^—/' 



tDS^SOns 



i\ r 



-tDH>Ons 



*DATA WINDOW MAY BE 180° OUT OF PHASE IN PLO DATA SEPARATION MODE. 



Figure 8. PLO Data Window Timing 



Disk Drive Control Interface 

The disk drive control interface performs the high level 
and programmable flexible disk drive operations. It 
custom tailors many varied drive performance parameters 
such as the step rate, settling time, head load time, and 
head unload index count. The following is the description 
of the control interface. 



Write Enable 

The Write Enable controls the read and write functions of a 
flexible disk drive. When Write Enable is a logical one, it 
enables the drive write electronics to pass current through 
the Read/Write head. When Write Enable Is a logical zero, 
the drive Write circuitry is disabled and the Read/Write 
head detects the magnetic flux transitions recorded on a 
diskette. The write current turn-on is as follows. 



WRITE DATA 



n_n_ n_rL 



WRITE ENABLE | 



tyVE- 



lMS<twE<3iUS 



Figure 9. Write Enable Timing 
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Seek Control 

Seek Control is accomplished by Seek/Step, Direction, 
and Count pins and can be Implemented two ways to 
provide maximum flexibility in the subsystem design. One 
instance Is when the programmed step rate Is not equal to 
zero. In this case, the 8271 uses the Seek/Step and 
Direction pins (the Seek/Step pin becomes a Step pin). 
Programmable Step timing parameters are shown. 

Another Instance Is when the programmable step rate Is 
equal to zero, in which case the 8271 holds the seek line 
high until the appropriate number of user-supplied step 
pulses have been counted on the count Input pin. 



The Direction pin is a control level indicating the direction 
In which the R/W head Is stepped. A logic high level on this 
line moves the head toward the spindle (step-in). A logic 
low level moves the head away from the spindle (step-out). 



DIRECTION 



i: 



SEEK/STEP 



n 



\—^^ 



n 



_rL 



X. 



-^SD 



tps 



STANDARD: 1ms<ts< 255ms 
MINI-FLOPPY: 2ms < tj < 510ms 



Figure 10. Seek Timing 



DIRECTION 



i: 



SEEK/STEP 



U- 



^DS 



J 



X 



-ho 



\ 



COUNT 



^SC 



U 



tcs 



run n 



-tpc 



LAST COUNT 



tDS=tSD=tcS=''0/^s 

tsc > l/^s 

tpc>20)us 
tc>1ms 



Figure 11. Seek/Step/Count Timing 
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Head Seek Settling Time 

The 8271 allows the head settling time to be programmed 
from to 255ms, in increments of 1ms. 

The head settling time is defined as the interval of time 
from completion of the last step to the time when reading 
or writing on the diskette is possible (R/W Enable). The 
R/W head is assumed loaded. 



^■nj!f> 



SEEK OR LAST STEP 



EL 



*tsw ► 



LAST STEP COMPLETE 



WRITE/READ ENABLE 



STANDARD: 0<*tsw<255ms 
MINI-FLOPPY: 0<*tsw^ 510ms 



*R/W HEAD IS ASSUMED LOADED. 



Figure 12. Head Load Settling Timing 



Load Head 

When active, load head output pin causes the drive's 
read/write head to be loaded on the diskette. When the 
head Is Initially loaded, there is a programmed delay (0 to 
60ms in 4ms increments) prior to any read or write 
operation. Provision is also made to unload the head 
following an operation within a programmed number of 
diskette revolutions. 



LOAD HEAD 



*LW" 



EARLIEST WRITE ENABLE 
OR INTERNAL READ DATA 



STANDARD: 0<tLw<60ms 
MINI-FLOPPY: < Ilw < 120ms 



Figure 13. Head Load to Read/Write Timing 
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Index 

The Index input is used to determine "Sector not found" 
status and to initiate format track/read ID commands and 
head unload Index and Count operations. 



u 



tpi- 



tpi > 0.5ms 



Figure 14. Index Timing 

Track 

This input pin indicates that the diskette is at track 0. 
During any seek operation, the stepping out of the 
actuator ceases when the track pin becomes active. 

Select 1, 

Only one drive may be selected at a time. The 
Input/Output pins that must be externally qualified with 
Select and Select 1 are: 

Unseparated Data 

Data Window 

Write Enable 

Seek/Step 

Count/Optional Input 

Load Head 

Track 

Low Current 

Write Protect 

Write Fault 

Fault Reset/Optional Output 

Index 

When a new set of select bits is specified by a new com- 
mand or the FDC finishes the Index count before head 
unload, the following pins will be set to the state: 

Write Enable (35) 
Seek/Step (36) 
Direction (37) 
Load Head (38) 
Low Head Current (39) 

The select pins will be set to the state specified by the 
command or both are set to zero following the Index 
count before head unload. 

Low Current 

This output pin is active whenever the physical track 
location of the selected drive is greater than 43. Generally 



this signal is used to enable compensation for the lower 
velocities encountered while recording on the inner 
tracks. 

Write Protect 

The 8271 will not write to a disk when this input pin Is 
active and will interrupt the CPU if a Write attempt is made. 
Operations which check Write Protect are aborted if the 
Write Protect line is active. 

This signal normally originates from a sensor which 
detects the presence or absence of the Write Protect 
hole In the diskette jacket. 

Write Fault and Write Fault Reset 

The Write Fault input Is normally latched by the drive 
and indicates any condition which could endanger data 
integrity. The 8271 interrupts the CPU anytime Write 
Fault Is detected during an operation and immediately 
resets the Write Enable, Seek/Step, Direction, and Low 
Current signals. The write fault condition can be cleared 
by using the write fault reset pin. If the drive being used 
does not support write fault, then this pin should be 
connected to Vqc through a pull-up resistor. 

Ready 1, 

These two pins Indicate the functional status of the disk 
drives. Whenever an operation Is attempted on a drive 
which Is not ready, an interrupt Is generated. The Inter- 
face continually monitors this input during an operation 
and If a Not Ready condition occurs, Immediately ter- 
minates the operation. Note that the 8271 latches the 
Not Ready condition and it can only be reset by the exe- 
cution of a Read Drive Status command. For drives that 
do not support a ready signal, either one can be derived 
with a one shot and the index pulse, or the ready Inputs 
can be grounded and Ready determined through some 
software means. 
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PRINCIPLES OF OPERATION 



The Command Phase 



As an 8080 peripheral device, the 8271 accepts commands 
from the CPU, executes them and provides a RESULT 
back to the 8080 CPU at the end of command execution. 
The communication with the CPU is established by the 
activation of CS and RD or WR. The Ai, Ao inputs select 
the appropriate registers on the chip: 



DACK 


CS 


Ai 


Ao 


RD 


WR 


Operation 
















1 


Read Status 













1 





Write Command 










1 





1 


Read Result 










1 


1 





Write Parameter 







1 





1 





Write Reset Reg. 





1 


X 


X 


1 





Write Data 





1 


X 


X 





1 


Read Data 








X 


X 


X 


X 


Not Allowed 



The FDC operation is composed of the following 
sequence of events. 



COMMAND PHASE 



8080 WRITES THE COMMAND AND PARAMETERS INTO 
THE 8271 COMMAND AND PARAMETER REGISTERS. 



EXECUTION PHASE THE 8271 IS ON ITS OWN TO CARRY OUT THE COMMANDS. 



RESULT PHASE 



THE 8271 SIGNALS THE CPU THAT THE EXECUTION HAS 
FINISHED. THE CPU MUST PERFORM A READ OPERATION 
OF ONE OR MORE OF THE REGISTERS TO DETERMINE 
THE OUTCOME OF THE OPERATION. 





I START } 








YES 






READ FDC 

STATUS 
REGISTER 


<r BUSY E 


/IAND^>^^. 
IT SET > 



The software writes a command to the command re9t$ter. 
As a function of the command issued, from zero to five 
parameters are written to the parameter register. Refer to 
diagram showing a flow chart of the command phase. 
Note that the flow chart shows that a command may not be 
issued if the FDC status register indicates that the device 
Is busy. Issuing a command while another command is in 
progress is Illegal. The flow chart also shows a parameter 
buffer full check. The FDC status indicates the state of the 
parameter buffer. If a parameter is issued while the 
parameter buffer is full, the previous parameter is over 
written and lost. 




c 



ENTER 

EXECUTION 

PHASE 



J 



INITIALIZE 
DMA CHANNEL 
(SEE FIGURE 19) 



WRITE FDC 
COMMAND 
REGISTER 




Figure 15. Passing the Command and Parameters to the 
8271 



NOTE: 

STANDARD RESULT RETURNED CAN BE 
DETERMINED BY MASKING OUT THE 
DRIVE SELECT BITS OF THE COMMAND 
BYTE (BITS 7 AND 6) AND CHECKING 
FOR A VALUE OF LESS THAN 2C16 (IF 
LESS THAN 2C16, STANDARD RESULT 
IS RETURNED). 

IMMEDIATE RESULT RETURNED CAN 
BE DETERMINED BY ADDITIONALLY 
MASKING OUT BITS 5 AND 4 OF THE 
COMMAND BYTE AND CHECKING FOR 
A VALUE OF C16 OR GREATER (IF Ci6 
OR GREATER, IMMEDIATE RESULT 
RETURNED). 




Figure 16. Checicing for Result Type FoHowing 8271 
Command and Parameters 



The Execution Phase 

During the execution phase the operation specified 
during the command phase is performed. During this 
phase, there is no CPU involvement if the system utilizes 
DMA for the data transfers. The execution phase of each 
command is discussed within the detailed command 
descriptions. The following table summarizes many of the 
basic execution phase characteristics. 
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EXECUTION PHASE BASIC CHARACTERISTICS 

The following table summarizes the various commands 
with corresponding execution phase characteristics. 





1 


2 


3 


4 


5 


6 


7 


8 




Deleted 






Write/ 




QaoIt 




Completion 


COMMANDS 


Data 


Head 


Ready 


Protect 


Seek 


Check 


Result 


Interrupt 


SCAN DATA 


SKIP 


LOAD 


y 


X 


YES 


YES 


YES 


YES 


SCAN DATA AND 


XFER 


LOAD 


y 


X 


YES 


YES 


YES 


YES 


DEL DATA 


















WRITE DATA 


X 


LOAD 


y 


y 


YES 


YES 


YES 


YES 


WRITE DEL DATA 


X 


LOAD 


y 


y 


YES 


YES 


YES 


YES 


READ DATA 


SKIP 


LOAD 


y 


X 


YES 


YES 


YES 


YES 


READ DATA AND 


XFER 


LOAD 


y 


X 


YES 


YES 


YES 


YES 


DEL DATA 


















READ ID 


X 


LOAD 


y 


X 


YES 


NO 


YES 


YES 


VERIFY DATA AND 


XFER 


LOAD 


y 


X 


YES 


YES 


YES 


YES 


DEL DATA 


















FORMAT TRACK 


X 


LOAD 


y 


y 


YES 


NO 


YES 


YES 


SEEK 


X 


LOAD 


y 


X 


YES 


NO 


YES 


YES 


READ DRIVE STATUS 


X 


- 


X 


X 


NO 


NO 


NOTE 5 


NO 


SPECIFY 


X 


- 


X 


X 


NO 


NO 


NO 


NO 


RESET 


X 


UNLOAD 


X 


X 


NO 


NO 


NO 


NO 


R SP REGISTERS 


X 


- 


X 


X 


NO 


NO 


NOTE 6 


NO 


W SP REGISTERS 


X 





X 


X 


NO . 


NO 


NO 


NO 


Note: 1. "X" -* DON'T CARE 


2. "/" -^ check 3. "-" -^ No change 4. "y" 


— Check at end of operation 


5. See "READ DRIVE STATUS" command. 


6. See "READ SPECIAL REGISTER" 


command. 















Table 1. Execution Phase Basic Characteristics 

Explanation of the execution phase characteristics table. 

1. Deleted Data Processing 

If deleted data is encountered during an operation that 
is marked skip in the table, the deleted data record is 
not transferred into memory, but the record is counted. 
For example, if the command and parameters specify a 
read of five records and one of the records was written 
with a deleted data mark, four records are transferred 
to memory. The deleted data flag is set in the result 
byte. However, If the operation is marked transfer, all 
data is transferred to memory regardless of the type of 
data mark. 

2. Head 

The Head column In the table specifies whether the 
Read/Write head will be loaded or not. If the table 
specifies load, the head is loaded after it Is positioned 
over the track. The head loaded by a command remains 
loaded until the user specified number of index pulses 
have occurred. 

3. Ready 

The Ready column indicates If the ready line (Ready 
1, Ready 0) associated with the selected drive Is 
checked. A not ready state Is latched by the 8271 un- 
til the user executes a read status command. 



4. Write Protect 

The operations that are marked check Write Protect are 
immediately aborted if Write Protect line is active at the 
beginning of an operation. 

5. Seek 

Many of the 8271 commands cause a seek to the 
desired track. A current track register is maintained for 
each drive or surface. 

6. Seek Check 

Operations that perform Seek Check verify that 
selected data in the ID field is correct before the 8271 
accesses the data field. 
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CPU INTERRUPT 
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Figure 17. Getting the Result 



The Result Phase 

During the Result Phase, the FDC notifies the CPU of the 
outcome of the command execution. This phase may be 
initiated by: 

1. The successful completion of an operation. 

2. An error detected during an operation. 



PROGRAMMING 



Ai 


Ao 


OS RD 


OS WR 




1 
1 



1 


1 


Status Reg 
Result Reg 


Command Reg 
Parameter Reg 
Reset Reg 



STATUS REGISTER 



FDC Status 







COMMAND BUSY 

COMMAND REG FULL 

PARAMETER REG FULL 



IT 



TT 



NON-DMA MODE 
INTERRUPT REQ 
RESULT REG FULL 



Bit 7: Command Busy 

The command busy bit is set on writing to the command 
register. Whenever the FDC is busy processing a 
command, the command busy bit is set to a one. This bit is 
set to zero after the command is completed. 

Bit 6: Command Full 

The command full bit is set on writing to the command 

buffer and cleared when the FDC begins processing the 

command. 

Bit 5: Parameter Full 

This bit indicates the state of the parameter buffer. This bit 
is set when a parameter is written to the FDC and reset 
after the FDC has accepted the parameter. 



Bit 4: Result Full 

This bit indicates the state of the result buffer. ills valid 
only after Command Busy bit is low. This bit isset vytish 
the FDC finishes a command and is reset after the result 
byte Is read by the CPU. The data in the result buffer is 
valid only after the FDC has completed a command- 
Reading the result buffer while a command is in progress 
yields no useful information. 

Bit 3: Interrupt Request 

This bit reflects the state of the FDC INT pin. It Is set 
when FDC requests attention as a result of the comple- 
tion of an operation or failure to complete an intended 
operation. This bit is cleared by reading the result 
register. 

Bit 2: Non-DMA Data Request 

When the FDC is utilized without a DMA controller, this bit 
is used to indicate FDC data requests. Note that in the 
non-DMA mode, an interrupt is generated (interrupt 
request bit is set) with each data byte written to or read 
from the diskette. 

Bits 1 and 0: 

Not used (zero returned). 

After reading the Status Register, the CPU then reads the 
Result Register for more information. 

THE RESULT REGISTER 

This byte format facilitates the use of an address table 
to look up error routines and messages. The standard 
result byte format is: 



- NOT USED - 

- COMPLETION CODE 
-COMPLETION TYPE 

- DELETED DATA FOUND 

- NOT USED = 00 



Dy De D5 D4 D3 D2 Di 


Do 


hhi 1 1 1! 


i°l 



Bits 7 and 6: 

Not used (zero returned). 

Bits: 

Deleted Data Found: This bit is set when deleted data is 
encountered during a transaction. 

Bits 4 and 3: Completion Type 

The completion type field provides general information 
regarding the outcome of an operation. 

The completion type field provides general information 
regarding the outcome of an operation. 




Completion 
Type 



Event 



00 Good Completion — No Error 

01 System Error — recoverable errors; 

10 operator intervention probably required 
for recovery. 

1 1 Command/Drive Error — either a program 
error or drive hardware failure. 



11-75 



8271 



Bits 2 and 1: Completion Code 

The completion code field provides more detailed 
information about the completion type (See Table). 
Completion Completion 



Type 


Code 


Event 


00 


00 


Good Completion/ 
Scan Not Met 


00 


01 


Scan Met Equal 


00 


10 


Scan Met Not Equal 


00 


11 





01 


00 


Clock Error 


01 


01 


Late DMA 


01 


10 


ID ORG Error 


01 


11 


Data ORG Error 


10 


00 


Drive Not Ready 


10 


01 


Write Protect 


10 


10 


Track Not Found 


10 


11 


Write Fault 


11 


00 


Sector Not Found 


11 


01 





11 


10 





11 


11 






It is important to note the hierarchical structure of the 
result byte. In very simple systems where onty a 60-N0 
GO result is required, the user may sirnply branch ofi a 
zero result (a zero result is a good completion). The next 
level of complexity is at the completion type Interface. The " 
completion type supplies enough information so that the 
software may distinguish between fatal and non-fatal 
errors. If a completion type 01 occurs, ten retries should 
be performed before the error is considered unre- 
coverable. 



The Completion Type/Completion Code interface sup- 
plies the greatest detail about each type of completion. 
This interface is used when detailed information about the 
transaction completion Is required. 



BitO: 

Not used (zero returned). 



Definition 



Successful Completion/ 
Scan Not Met 

Scan Met Equal 



Scan Met Not Equal 
Clock Error 

Late DMA 
ID Field CRC Error 
Data Field CRC Error 
Drive Not Ready 



Write Protect 
Track 00 Not Found 
Write Fault 
Sector Not Found 



Interpretation 



The diskette operation specified was completed without error. If scan operation 
was specified, the pattern scanned was not found on the track addressed. 

The data pattern specified with the scan command was found on the track 
addressed with the specified comparison, and the equality was met. 

The data pattern specified with the scan command was found with the 
specified comparison on the track addressed, but the equality was not met. 

During a diskette read operation, a clock bit was missing (dropped). Note that this 
function is disabled when reading any of the ID address marks (which contain 
missing clock pulses). If this error occurs, the operation is terminated immedi- 
ately and an interrupt is generated. 

During either a diskette read or write operation, the data channel did not respond 
within the allotted time interval to prevent data from being overwritten or lost. This 
error immediately terminates the operation and generates an interrupt. 

The CRC word (two bytes) derived from the data read in an ID field did not match 
the CRC word written in the ID field when the track was formatted. If this error 
occurs, the associated diskette operation is prevented and no data is transferred. 

During a diskette read operation, the CRC word derived from the data field read 
did not match the data field CRC word previously written. If this error occurs, the 
data read from the sector should be considered invalid. 

The drive addressed was not ready. This indication is caused by any of the 
following conditions: 

1. Drive not powered up 

2. Diskette not loaded 

3. Non-existent drive addressed 

4. Drive went not ready during an operation 

Note that this completion code is cleared only through an FDC read drive 
status command. 

A diskette write operation was specified on a write protected diskette. The 
intended write operation is prevented and no data is written on the diskette. 

During a seek to track 00 operation, the drive failed to provide a track 00 
indication after being stepped 255 times. 

This error is dependent on the drive supported and indicates that the fault input to 
the FDC has been activated by the drive. 

Either the sector addressed could not be found within one complete revolution of 
the diskette (two index marks encountered) or the track address specified did not 
match the track address contained in the ID field. Note that when the track 
address specified and the track address read do not match, the FDC automatically 
increments its track address register (stepping the drive to the next track) and 
again compares the track addresses. If the track addresses still do not match, the 
track address register is incremented a second time and another comparison is 
made before the sector not found completion code is set. 



Table 2. Completion Code interpretation 
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INITIALIZATION 
Reset Command 



Load Bad Tracks 





Ai 


Ao 


Dy 


De 


Db 


D4 


D3 


D2 


Di 


Do 


PAR: 


1 











° 














1 


PAR: 


1 






























Function: The Reset command emulates the action of 
the reset pin. It is issued by outputting a one followed 
by a zero to the Reset register. 

1. The drive control signals are forced low. 

2. An in-progress command is aborted. 

3. The FDC status register flags are cleared. 

4. The FDC enters an idle state until the next command is 
issued. 

Reset must be active for 10 or more clock cycles. 

SPECIFY COMMAND 

Many of the interface characteristics of the FDC are 
specified by the systems software. Prior to initiating any 
drive operation command, the software must execute 
the three specify commands. There are two types of 
specify commands selectable by the first parameter 
issued. 



First Parameter 

ODh 
10h 
•18h 



Specify Type 

Initialization 

Load bad Tracks Surface '0' 

Load bad Tracks Surface '1' 



The Specify command is used prior to performing any 
diskette operation (including formatting of a diskette) to 
define the drive's inherent operating characteristics and 
also is used following a formatting operation or 
installation of another diskette to define the locations of 
bad tracks. Since the Specify command only loads 
internal registers within the 8271 and does not involve an 
actual diskette operation, command processing is limited 
to only Command Phase. Note that once the operating 
characteristics and bad tracks have been specified for 
a given drive and diskette, redefining these values need 
only be done if a diskette with unique bad tracks is to be 
used or if the system is powered down. 





Ai 


\ 


D7 


De 


D5 


D4 


0^^ 


0^ 


t>t' 


r,„?« 


CMD; 














1 


1 





^ 


^ 


1 


PAR: 





1 











1 


1/0 











PAR; 





1 


BAD TRACK NO. 1 


PAR. 





1 


BAD TRACK NO. 2 


PAR: 





1 


CURRENT TRACK 



Parameter 0: 1 Oh == Load Surface zero bad tracks 
IBh = Load Surface one bad track 

Parameter 1: 

Bad track address number 1 (Physical Address). 

It is recommended to program both bad tracks and cur- 
rent track to FFh during initialization. 



SEEK COMMAND 

The seek command moves the head to the specified track 

without loading the head or verifying the track. 

The seek operation uses the specified bad tracks to 

compute the physical track address. This feature insures 

that the seek operation positions the head over the correct 

track. 

When a seek to track zero is specified, the FDC steps 
the head until the track 00 signal is detected. 

If the track 00 signal is not detected within (FF)h steps, a 
track not found error status is returned. 

A seek to track zero is used to position the read/write head 
when the current head position is unknown (such as after 
a power up). 





Ai 


Ao 


Dy De D5 


D4 


D3 


D2 


Di 


Do 


CMD: 








SEL SEL 
1 1 


° 


1 








1 


PAR- 





' 


TRACK ADDRESS 0-255 | 



Initialization: 





Ai 


Ao 


Dy 


De 


De D, 




D3 


D2 


Di 


Do 


CMD: 














1 1 





1 





1 


PAR: 





1 











1 


1 





1 


PAR: 





1 


STEP RATE* 


PAR: 





1 


HEAD SETTLING TIME* 


PAR: 





1 


INDEX CIMT BEFORE 
HEAD UNLOAD* 


HEAD LOAD TIME* 



*Note: Mini-floppy parameters are doubled. 

Parameter — ODh = Select Specify Initialization. 
Parameter 1 — D7-D0 = Step Rate (0-255ms in 1ms steps). 
Parameter 2 — D7-D0 = Head Settling Time (0-255ms in 1 

ms steps). {0 - 510ms in 2ms steps} () = standard, 

{} = mini 
Parameter 3 — D7-D4 = Index Count — Specifies the 

number of Revolutions (0-14) which are to occur before 

the FDC automatically unloads the R/W head. If 15 is 

specified, the head remains loaded. 
D3-D0 = Head Load Time (0-60ms in steps of 4ms). 
{0- 120ms in 8ms steps} () = standard, {}= mini 



Seek operations are not verified. A subsequent read or 
write operation must be performed to determine if the 
correct track is located. 

READ DRIVE STATUS COMMAND 

This command is used to interrogate the drive status. 
Upon completion the result register will hold the final 
drive status. 
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Ac 


Dy 


De 


D5 


D4 


D3 


D2 


Di 


Do 


CMD: 








SEL 
1 


SEL 



1 





1 


1 





"1 




RESULT: EACH BIT INDICATES CURRENT STATE OF INPUT PINS. 
Ai Ao Dy De D5 D4 D3 D2 Di Do 


r 


1 





RDY 

r 


WR 
FAULT 


INDEX 


WR 
PROT 


RDY 

0* 


TRACK 



':z: 



IF A DRIVE NOT READY RESULT IS RETURNED, THE READ STATUS MUST 
BE ISSUED TO CLEAR THE CONDITION. 



*Note the two ready bits are zero latching. Therefore, to clear the drive 
not ready condition, assuming the drive is ready, and to detect it via soft- 
ware, one must issue this command twice. 
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YES 


^y^ NON-DMA 
^ OR 
V. SINGLE 












c_ 


START 




SET NON-DMA 

AND/OR 

SINGLE ACTUATOR 


[no 


POWERUP 
ALL DRIVES 























SEEK TO 
TRACK 
ON DRIVE 




RESET 
INTERFACE 


















I 










RESET 
FDC 






WAIT FOR 
INTERRUPT 








i _ _ 






1 






SPECIFY 

DRIVE 

CHARACTERISTICS 




^^ INTERRUPT ^--s, NO 






I 






SPECIFY 

BAD TRACKS 

DRIVE 




\^^,/^ ^ 




\ 






,,.. 


^ ^ 


SPECIFY 

BAD TRACKS 

DRIVE 1 






READ 
RESULT 
BYTE 


^,'^ 2ND DRIVE 
^< PRESENT 




1 










\. ^ 



Figure 18. initialization of the 8271 by the User 

Read/Write Special Registers 

This command is used to access special registers within 
the 8271. 





Ai 


Ao 


Dy 


De D5 D4 D3 D2 D 


1 Do 


CMD: 








SEL 
1 


^Q*- COMMAND OPCODE 


PAR: 





1 1 REGISTER ADDRESS | 



Command code: 
3Dh Read Special Register 
3Ah Write Special Register 

For both commands, the first parameter is the register 
address; for Write commands a second parameter 
specifies data to be written. Only the Read Special 
Register command supplies a result. 



Description 


Register Address 
in Hex 


Comment 


Scan Sector Number 


06 


See Scan Description 


Scan MSB of Count 


14 


See Scan Description 


Scan LSB of Count 


13 


See Scan Description 


Surface Current Track 


12 




Surface 1 Current Track 


1A 




Mode Register 


17 


See Mode Register 
Description 


Drive Control Output Port 


23 


See Drive Output 
Port Description 


Drive Control Input Port 


22 


See Drive Input 
Port Description 


Surface Bad Track 1 


10 




Surface Bad Track 2 


11 




Surface 1 Bad Track 1 


18 




Surface 1 Bad Track 2 


19 





Mode Register Write Parameter Format 



Dy Dg Dg D4 D3 D2 Di Do 



110 



r. 



DMA MODE, = 1 NON DMA 

DOUBLE, = 1 SINGLE ACTUATOR 



Table 3. Special Registers 



Bits 6 & 7 

Must be one. 

Bits 5-2 

(Not used). Must be set to zero. 

*Bit1 

Double/Single Actuator: Selects single or double actuator 
mode. If the single actuator mode is selected, the FDC 
assumes that the physical track location of both disks is 
always the same. This mode facilitates control of a drive 
which has a single actuator mechanism to move two 
heads, 

*BitO 

Data Transfer Mode: This bit selects the data transfer 
mode. If this bit is a zero, the FDC operates In the DMA 
mode (DMA Request/ACK). If this bit is a one, the FDC 
operates in non-DMA mode. When the FDC Is operating in 
DMA mode, interrupts are generated at the completion of 
commands. If the non-DMA mode is selected, the FDC 
generates an interrupt for every data byte transferred. 



*Bits and 1 are Initialized to zero. 
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Non-DMA Transfers in DMA Mode 

If the user desires, he may retain the use of interrupts 
generated upon command completions. This mode is 
accomplished by selecting the DMA capability, but 
using the DMA REQ/ACK pins as effective INT and CS 
signals, respectively. 



Drive Control Input Port 

Reading this port will give the CPU exactly the data that 
the FDC sees at the corresponding pins. Reading this 
port will update the drive not ready status, but will not 
clear the status. (See Read Drive Status Command for 
Bit locations.) 

Drive Control Output Port Format 

D? De P5 D4 D3 D2 Di Do 



-WRITE ENABLE 
-SEEK/STEP 
-DIRECTION 
-LOAD HEAD 

-LOW HEAD CURRENT 

_ WRITE FAULT RESET/ 
OPTIONAL OUTPUT 

- SELECT 

- SELECT 1 



Each of these signals correspond to the chip pin of the 
same name. On standard-sized drives with write fault 
detection logic, bit 5 is set to generate the write fault 
reset signal. This signal is used to clear a write fault 
Indication within the drive. On mini-sized drives, this bit 
can be used to turn on or off the drive motor prior to initi- 
ating a drive operation. A time delay after turn on may be 
necessary for the drive to come up to speed. The regis- 
ter must be read prior to writing the register in order to 
save the states of the remaining bits. When the register 
is subsequently written to modify bit 5, the remaining 
bits must be restored to their previous states. 

IBM DISKETTE GENERAL FORMAT 
INFORMATION 

The IBM Flexible Diskette used for data storage and 
retrieval is organized into concentric circular paths or 
TRACKS. There are 77 tracks on either One or both sides 
(surfaces) of the diskette. On double-sided diskettes, the 
corresponding top and bottom tracks are referred to as a 
CYLINDER. Each track is further divided into fixed length 
sections or SECTORS. The number of sectors per track — 
26, 1 5 or 8 — is determined when a track is formatted and is 
dependent on the sector length — 128, 256 or 512 bytes 
respectively — specified. 

All tracks on the diskette are referenced to a physical 
index mark (a small hole in the diskette). Each time the 
hole passes a photodetector cell (one revolution of the 
diskette), an Index pulse is generated to indicate the 
logical beginning of a track. This index pulse is used to 
Initiate a track formatting operation. 



Track Format 

Each Diskette Surface is divided into 77 tracks with each 
track divided into fixed length sectors. A sector can hold a 
whole record or a part of a record. If the record is shorter 
than the sector length, the unused bytes are filled with 
binary zeros. If a record is longer than the sector length, 
the record is written over as many sectors as its length 
requires. The sector size that provides the most efficient 
use of diskette space can be chosen depending upon the 
record length required. 

Tracks are numbered from 00 (outer-most) lO 76 (inner- 
most) and are used as follows: 

TRACK 00 reserved as System Label Track 

TRACKS 01 through 74 used for data 

TRACKS 75 and 76 used as alternates. 

Each sector consists of an ID field (which holds a unique 
address for the sector) and a data field. 

The ID field is seven bytes long and is written for each 
sector when the track is formatted. Each ID field consists 
of an ID field Address Mark, a Cylinder Number byte which 
identifies the track number, a Head Number byte which 
specifies the head used (top or bottom) to access the 
sector, a Record Number byte identifying the sector 
number (1 through 26 for 128 byte sectors), an N-byte 
specifying the byte length of the sector and two CRC 
(Cyclic Redundancy Check) bytes. 

The Gaps separating the index mark and the ID and data 
fields are written on a track when it is formatted. These 
gaps provide both an interval for switching the drive elec- 
tronics from reading or writing and compensation for rota- 
tional speed and other diskette-to-diskette and drive-to- 
drive manufacturing tolerances to ensure that data written 
on a diskette by one system can be read by another 
(diskette interchangeability). 

IBM Format Implementation Summary 

Track Format 

The disk has 77 tracks, numbered physically from 00 to 76, 
with track 00 being the outermost track. There are 
logically 75 data tracks and two alternate tracks. Any two 
tracks may be initialized as bad tracks. The data tracks are 
numbered logically in sequence from 00 to 74, skipping 
over bad tracks (alternate tracks replace bad tracks). 
Note: In IBM format track 00 cannot be a bad track. 

Sector Format 

Each track is divided into 26, 15, or 8 sectors of 128, 256, 
or 512 bytes length respectively. The first sector is 
numbered 01 , and is physically the first sector after the 
physical index mark. The logical sequence of the 
remaining sectors may be nonsequential physically. The 
location of these is determined at initialization by CPU 
software. 

Each sector consists of an ID field and a data field. All 
fields are separated by gaps. The beginning of each field 
is indicated by 6 bytes of (00)h followed by a one byte 
address mark. 

Address Marks 

Address Marks are unique bit patterns one byte in length 
which are used to identify the beginning of ID and Data 
fields. Address Mark bytes are unique from all other data 
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^ — "^ y Ind 


ex '^^ "^-^ ~~^^ 


\ Last Sector Gap 


Sector 01 Sector 02 Sector 03 I 



ID Field 




Sync 
Field 



© L 



1 28, 256, or 51 2 Bytes 



Sync 
Field 



AIV!2: Data: hex FB or F8 
FB = data field 
F8 = control field 
(The control field can 
begin with a D or an F : 
D = deleted record 
F = defective record 
Clock: hex C7) 



Hex 00 for 128 byte per sector forniat 
Hex 01 for 256 byte per sector format 
Hex 02 for 51 2 byte per sector format 



Hex 01 through 1 A for 1 28 byte par sector format diskette 
Hex 01 through OF for 256 byte per sector format diskette 
Hex 01 through 08 for 512 byte per sector format diskette 



Hex 00 for one-sided diskettes and side of two-sided diskettes 
Hex 01 for side 1 of two-sided diskettes 



Hex 00 through 4A (Decimal 1 through 74. Cylinders 75 and 76 
are used as alternate cylinders.) 



AMI: identifies ID field 
Data : hex F E 
Clock: hexC7 



0© 



Mj Pre-index gap. 

(2) Post-index gap. 

^3 6 bytes of zeroes 

r^^ Cyclic redundancy check. 
The check bytes are 
generated during a write 
operation. They are used 
during a read operation 
to verify that data is 
read correctly. 



© 
© 



Post- ID gap. 
Post-data gap. 



Figure 19. Track Format 

bytes in that certain bit cells do not contain a clock bit (all 
other data bytes have clock bits in every bit cell.) There are 
four different types of Address Marks used. Each of these 
is used to identify different types of fields. 

Index Address Mark 

The Index /Address Mark is located at the beginning of 
each track and is a fixed number of bytes in front of the 
first record. 

ID Address Mark 

The ID Address Mark byte is located at the beginning of 
each ID field on the diskette. 

Data Address Mark 

The Data Address Mark byte is located at the beginning of 
each non-deleted Data Field on the diskette. 
Deleted Data Address Mark 

The Deleted Data Address Mark byte is located at the 
beginning of each deleted Data Field on the diskette. 





Clock 


Data 


Address Mark Summary 


Pattern 


Pattern 


Index Address Mark 


D7 


FC 


ID Address Mark 


C7 


FE 


Data Address Mark 


C7 


FB 


Deleted Data Address Mark 


C7 


F8 


Bad Track ID Address Mark 


C7 


FE 



ID Field 



1 MARK 


C 


H 


R 


N 


CRC 


CRC 



C = Cylinder (Track) Address, 00-74 
H = Head Address 
R = Record (Sector) Address, 01-26 
N = Record (Sector) Length, 00-02 
Note: Sector Length = 128 x 2"^ bytes 
CRC = 16 Bit CRC Character (See Beiow) 

Data Field 



1 MARK 


DATA 


CRC 


CRC 



Data is 128, 256, or 512 bytes long. 

Note: All marks, data, ID characters and CRC 
characters are recorded and read most 
significant bit first. 

CRC Character 

The 16-bit CRC character is generated using the 
generator polynominal X16 -(- X12 + X5 + 1, normally 
initialized to (FF)h. It is generated from all characters 
(except the CRC in the ID or data field), including the data 
(not the clocks) in the address mark. It is recorded and 
read most significant bit first. 
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Data Format 

Data is written (general case) in the following manner: 



MISSING 
CLOCK 



-TL 



_n__n_n_n. 



n_ 



Jf = FULL BIT TIME = NOMINALLY 4mS* 

Th =r HALF BIT TIME = NOMINALLY 2y»* fc, sund.rd onv. 

Figure 20. Data Format 
References 

"The IBM Diskette for Standard Data Interchange," IBM 
Document GA21-9182-0. "System 32," Chapter 8, IBM 
Document GA21-9176-0. 

Bad Track Format 

The Bad Track Format is the same as the good track 
format except that the bad track ID field is initialized as 
follows: 

C = H = R = N = (FF)h 

When formatting, bad track registers should be set to 
FFh for the drive during the formatting, thus specifying 
no bad tracks. Thus, all tracks are left available for for- 
matting. 

The track following the bad track(s) should be one 
higher in number than track before the bad track(s). 

Upon completion of the format the bad tracks should be 
set up using the write special register command. The 
8271 will then generate an extra step pulse to cross the 
bad track, locating a new track that now happens to be 
an extra track out. 



Format Track 



Format Command 





Ai 


Ao 


D7 


De D5 


D4 D3 D2 Di 


Do 


CMD: 








SEL 

1 


-M , 1 1 1 1 , 1 , 1 


PAR: 







TRACK ADDRESS 


PAR: 







GAP 3 SIZE MINUS 6 


PAR: 







RECORD LENGTH 


NO. OF SECTORS/TRACK I 


PAR: 





1 


GAP 5 SIZE MINUS 6 


PAR: 







GAP1 SIZE MINUS 6 



The format command can be used to initialize a disk track 
compatible with the IBM 3740 format. A Shugart "IBM 
Type" mini-floppy format may also be generated. 

The Format command can be used to Initialize a disk- 
ette, one track at a time. When format command Is used, 
the program must supply ID fields for each sector on the 
track. During command execution, the supplied ID fields 
(track head sector addresses and the sector length) are 
written sequentially on the diskette. The ID address 
marks originate from the 8271 and are written auto- 
matically as the first byte of each ID field. The CRC char- 
acter is written in the last two bytes of the ID field and Is 
derived from the data written in the first five bytes. Dur- 
ing the formatting operation, the data field of each sec- 
tor is filled with data pattern (E5)h. The CRC, derived 
from the data pattern is also appended to the last byte. 



1. The parameter 2 (D7- D5) of ttie Fornnat command specify 
record length, the bits are coded the same way as in the 
Read Data commands. 

2 . The programmable gap sizes (gap 3, gap 5, and gap 1) must 
be programmed such that the 6 bytes of zero (sync) are sub- 
tracted from the intended gap size i.e., if gap 1 is intended 
to be 16 bytes long, programmed length must be 16 - 6 = 10 
bytes (of FFh's). 

Mini-Floppy Disk Format 

The mini-floppy disk format differs from the standard 
disk format in the following ways: 

1. Gap 5 and the Index Address mark have been elimi- 
nated. 

2. There are fewer sectors/tracks. 

GAPS 

The following is the gap size and description summary: 

Gap 1 Programmable 

Gap 2 17 Bytes 

Gap 3 Programmable 

Gap 4 Variable 

Gap 5 Programmable 

The last six bytes of gaps 1,2,3 and 5 are (00)h, all other 
bytes in the gaps are (FF)h. The Gap 1,3 and 5 count 
specified by the user are the number of bytes of (FF)h. Gap 
4 is written until the leading edge of the index pulse. If a 
Gap 5 size of zero is specified, the Index Mark is not 
written. 

Gap 1: This gap separates the index ad- 

N bytes FF's dress mark of the index pulse from 

6 bytes O's for sync the first ID mark. It is used to pro- 
tect the first ID field from a write on 
the last physical sector of the cur- 
rent track. 

Gap 2: This gap separates the ID field from 

11 bytes FF's the data mark and field such that 

6 bytes O's for sync during a write only the data field 

will be changed even if the write 

gate turns on early, due to drive 

speed changes. 

Gap 3: This gap separates a data area from 

N bytes FF's the next ID field. It is used so that 

6 bytes O's for sync during drive speed changes the 

next ID mark will not be overwritten, 

thus causing loss of data. 

Gap 4: This gap fills out the rest of the disk 

FF's only and is used for slack during format- 

ting. During drive speed variations 
this gap will shrink or grow if the 
disk is re-formatted. 

This gap separates the last sector 
from the Index Address mark and 
is used to assure that the index ad- 
dress mark is not destroyed by 
writing on the last physical data 
sector on the track. 

The number of FF bytes is programmable for gaps 1, 3 
and 5. 




Gap 5: 

N bytes FF's 

6 bytes O's for sync 
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i^ 



GAP1: POST INDEX GAP 



INDEX ADDRESS MARK 



GAP 2: POST ID FIELD GAP 



GAP 3: POST DATA F I E LD G AP 



WRITE GATE TURN-ON FOR UPDATE OF NEXT 

DATA FIELD. 

NOTE: THE WRITE GATE TURN-ON SHOULD BE TIMED 
TO WITHIN ± -= 1 BIT BY COUNTING THE BYTES 
IN THE GAP UNTIL 1 BYTE BEFORE THE 
TURN-ON. 



WRITE GATE TURN-OFF FROM UPDATE OF PREVIOUS DATA FIELD. 

NOTE: IBM FORMAT REQUIRES AT LEAST 2 BINARY "1" BITS AS A DATA FIELD POSTAMBLE. 



GAP 4: FINAL GAP 



GAP 5: INITIAL GAP 



Figure 21. Track Format 
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n 



LAST 
SECTOR 
DATA 
FIELD 



FINAL 
GAP 
(GAP 4) 



PHYSICAL 

INDEX 

MARK 



INDEX 
GAP 
(GAP S) 



INDEX 
\DDRESS 
MARK 



POST 
INDEX 
GAP 
(GAP 1) 



SECTOR 
ID FIELD 



POST ID 
FIELD 
GAP 

(GAP 2) 



POST 
DATA 
FIELD 
GAP 
(GAP 3) 



POST ID 
FIELD 
GAP 
(GAP 2) 



POST 
DATA 
FIELD 
GAP 
(GAP 3) 



POST ID 
FIELD 
GAP 
(GAP 2) 



2 



LAST 
SECTOR 
DATA 
FIELD 



I "^'^"'^ I (I 



bAtA 

ADDRESS 
I MARK I 



128x2" USER DTA BYTES 



NUMBER 
OF SECTORS 


NUMBER OF BYTES 


GAP1 


ID FIELD 


GAP 2 


DATA FIELD 


GAP 3 


GAP 4 


GAPS 


*ONES 


SYNC 


ONES 


SYNC 


*ONES 


SYNC 


•ONES 


SYNC 


26 
15 
8 
4 
2 
1 


26 
26 
26 
26 
26 
26 


6 
6 
6 
6 
6 
6 


7 
7 
7 
7 
7 
7 




6 
6 
6 
6 
6 
6 


131 
259 
515 
1027 
2051 
4099 


27 
48 
90 
224 
255 



6 
6 
6 
6 
6 



275 
129 
146 
236 
719 
1007 


40 
40 
40 
40 
40 
40 


6 
6 
6 
6 
6 
6 



* Program Specified 



5208 Bytes Per Track 



Figure 22. Standard Diskette Tracic Format 



1 PHYSICAL 

INDEX 
I MARK 



ZJ 



LAST 

, SECTOR 

DATA 

FIELD 



FINAL 
GAP 
(GAP 4) 



POST 
INDEX 
GAP 
(GAP 1) 



POST ID 
FIELD 
GAP 

(GAP 2) 



POST 
DATA 
FIELD 
GAP 
(GAP 3) 



POST ID 
FIELD 
GAP 
(GAP 2) 



POST 
DATA 
FIELD 
GAP 
(GAP 3) 



POST ID 
FIELD 
GAP 
(GAP 2) 



LAST 
SECTOR 
DATA 
FIELD 



1 BYTES 6 BYTES 



•DRESS I 



128 X 2" USER DATA BYTES 



BYTE 2 BYTE 3 



NUMBER 
OF SECTORS 


NUMBER OF BYTES 


GAP1 


ID FIELD 


GAP 2 


DATA FIELD 


GAPS 


GAP 4 


*ONES 


SYNC 


ONES 


SYNC 


*ONES 


SYNC 


18 
10 
5 
2 

1 


16 
16 
16 
16 
16 


6 
6 
6 
6 
6 






6 
6 
6 
6 
6 


131 

259 

515 

1027 

2051 


11 
21 
74 
255 



6 
6 
6 
6 



24 

30 

88 

740 

1028 




* Program Specified 



3125 Bytes PerTracI^ 



Figure 23. Mini-Diskette Track Format 
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SET: 

TC STOP AND 

OIVIA ENABLE BITS 









V. OPERATION >^ 
(YES 


WRITE DMAC 
MODE SET 
REGISTER 




WRITE DMAC 
MODE SET 
REGISTER 














'i 




WRITE DMAC 
CONTROL 
REGISTER 




\ 




WRITE DMAC 
STARTING MEMORY 
ADDRESS REGISTER 



SET: 

AUTO LOAD AND 

DMA ENABLE BITS 



Figure 23. User DMA Channel Initialization Flowchart 



Read ID Command 



CMD: 








SEL 
1 


=o" " 


1 


1 


1 


1 


PAR: 





1 


TRACK ADDRESS 


PAR: 





1 




















PAR: 





1 


NUMBER OF ID FIELDS 




The Read ID command transfers the specified number of 
ID fields into memory (beginning with the first ID field after 
Index). The CRC character is checked but not transferred. 



These fields are entered into memory in the order in 
which they are physically located on the disk, with the 
first field being the one starting at the index pulse. 

Data Processing Commands 

All the routine Read/Write commands examine specific 
drive status lines before beginning execution, perform 
an Implicit seek to the track address and load the drive's 
read/write head. Regardless of the type of command 
(i.e., read, write or verify), the 8271 first reads the ID 
fleld(s) to verify that the correct track has been located 
(see sector not found completion code) and also to 
locate the addressed sector. When a transfer is com- 
plete (or cannot be completed), the 8271 sets the Inter- 
rupt request bit in the status register and provides an in- 
dication of the outcome of the operation in the result 
register. 



If a CRC error is detected during a multisector transfer, 
processing is terminated with the sector in error. The 
address of the failing sector number can be determined by 
examining the Scan Sector Number register using the 
Read Special Register command. 



Full power of the multisector read/write commands can be 
realized by doing DMA transfer using Intel® 8257 DMA 
Controller, For example, in a 128 byte per sector 
multisector write command, the entire data block 
(containing 128 bytes times the number of sectors) can be 
located in a disk memory buffer. Upon completion of the 
command phase, the 8271 begins execution by accessing 
the desired track, verifying the ID field, and locating the 
data field of the first record to be written. The 8271 then 
DMA-accesses the first sector and starts counting and 
writing one byte at a time until all 128 bytes are written. It 
then locates the data field of the next sector and repeats 
the procedure until all the specified sectors have been 
written. Upon completion of the execution phase the 8271 
enters into the result phase and interrupts the CPU for 
availability of status and completion results. Note that all 
read/write commands, single or multisector are executed 
without CPU intervention. 



Note, execution of multi-sector operations are faster if 
the sectors are not interleaved. 



128 Byte Single Record Format 

Ai Ao Dy De D5 D4 



CMD: 





. 


SEL 

1 


^Q*" COMMAND OPCODE | 


PAR: 





1 


TRACK ADDR 0-255 


PAR: 





1 


SECTOR 255 


Con 


iman( 


ds 






Opcode 



READ DATA 

READ DATA AND DELETED DATA 

WRITE DATA 

WRITE DELETED DATA 

VERIFY DATA AND DELETED DATA 



12 
16 
OA 
OE 
IE 
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Variable Length/Multi-Record Format 

Ai Ao D7 De D5 D4 D3 D2 Di Do 



Scan Commands 



CMD: 








SEL 

1 


SEL 



COMMAND OPCODE 


PAR: 





1 


TRACK ADDR 0-255 


PAR: 





1 


SECTOR 0-255 


PAR: 





1 


LENGTH 


NO. OF SECTORS 



D7-D5 of Parameter 2 determine the length of the disk 
record. 






128 Bytes 


1 


256 Bytes 


1 


512 Bytes 


1 1 


1024 Bytes 


1 


2048 Bytes 


1 1 


4096 Bytes 


1 1 


8192 Bytes 


1 1 1 


16.384 Bytes 


Commands 



Opcode 

13 
17 
OB 
OF 
IF 
00 
04 



READ DATA 

READ DATA AND DELETED DATA 

WRITE DATA 

WRITE DELETED DATA 

VERIFY DATA AND DELETED DATA 

SCAN DATA 

SCAN DATA AND DELETED DATA 

Read Commands 

Read Data, Read Data and Deleted Data. 



Function 

The read command transfers data from a specified disk 
record or group of records to memory. The operation of 
this command is outlined in execution phase table. 

Write Commands 

Write Data, Write Deleted Data. 

Function 

The write command transfers data from memory to a 
specified disk record or group of records. 

Verify Command 

Verify Data and Deleted Data. 

Function 

The verify command is identical to the read data and 
deleted data command except that the data is not 
transferred to memory. This command is used to check 
that a record or a group of records has been written 
correctly by verifying the ORG character. 



CMD: 
PAR. 
PAR. 
PAR 
PAR 
PAR: 



Ai 


Ao 


Dj 


De 


D5 


D4 


03 


D2 


■ Pi;-: 


Va 








SEL 

1 


SEL 












SOATA 
SDELO 





:.\ 







TRACK ADDR 255 





. 


SECTOR 255 







LENGTH 


NO OF SECTORS 











SCAN TYPE 


STEP SIZE 





^ 


FIELD LENGTH (KEY) 



Command Do 



Scan Data 

Scan Data and Deleted Data 



Scan Commands, Scan Data and Scan Data and Deleted 
Data, are used to search a specific data pattern or "key" 
from memory. The 8271 FDC operation during a scan is 
unique in that data is read from memory and from the 
diskette simultaneously. 

During the scan operation, the key is compared 
repetitively (using the 8257 DMA Controller in auto load 
mode) with the data read from the diskette (e.g., an eight 
byte key would be compared with the first eight bytes (1-8) 
read from the diskette, the second eight bytes (9-16), the 
third eight bytes (17-24), etc.). The scan operation is 
concluded when the key is located or when the specified 
number of sectors have been searched without locating 
the key. When concluded, the 8271 FDC requests an 
interrupt. The program must then read the result register 
to determine if the scan was successful (if the key was 
located). If successful, several of the FDC's special 
registers can be examined (read special registers 
command) to determine more specific information 
relating to the scan (i.e., the sector number in which the 
key was located, and the number of bytes within the sector 
that were not compared when the key was located). 

The 8271 does not do a sliding scan, it does a fixed 
block linear search. This means the key in memory is 
compared to an equal length block in a sector; when 
these blocks meet the scan conditions the scan will 
stop. Otherwise, the scan continues until all the sectors 
specified have been searched. 

The following factors regarding key length must be 
considered when establishing a key in memory. 

1. When searching multiple sectors, the length of the key 
must be evenly divisible into the sector length to 
prevent the key from being split at subsequent sector 
boundaries. Since the character FFh is not compared, 
the key in memory can be padded to the required length 
using this character. For example, if the actual pattern 
compared on the diskette is twelve characters in length, 
the field length should be sixteen and four bytes of FFh 
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would be appended to the key. Consequently, the last 
block of sixteen bytes compared within the first sec- 
tor would end at the sector boundary and the first 
byte of the next sector would be compared with the 
first byte of the key. Splitting data over sector bound- 
arys will not work properly since the FDC expects the 
start of key at each sector boundary. 

2. Since the first byte of the key is compared with the first 
byte of the sector, when the pattern does not begin with 
the first byte of the sector, the key must be offset using 
the character FF16. For example, if the first byte of a 
nine byte pattern begins on the fifth byte of the sector, 
four bytes of FFie are prefixed to the key (and three 
bytes of FFie are appended to the key to meet the 
length requirement) so that the first actual comparison 
begins on the fifth byte. 

The Scan Commands require five parameters: 

Parameter 0, Track Address 

Specifies the track number containing the sectors to be 
scanned. Legal values range from OOh to 4Ch (0 to 76) for 
a standard diskette and from OOh ^o 22h (0 to 34) for a 
mini-sized diskette. 

Parameter 1, Sector Address 

Specifies the first sector to be scanned. The number of 
sectors scanned is specified in parameter 2, and the order 
in which sectors are scanned is specified in parameter 3. 

Parameter 2, Sector Length/Number of Sectors 

The sector length field (bits 7-5) specifies the number of 
data bytes allocated to each sector (see parameter 2, 
routine read and write commands for field interpretation). 
The number of sectors field (bits 4-0) specifies the number 
of sectors to be scanned. The number specified ranges 
from one sector to the physical number of sectors on the 
track. 



Parameter 3 




D7-D6: 
00- EQ 



01-GEQ 



Indicate scan type 

Scan for each charadter within the field 
length (key) equal to the corresponding char- 
acter within the disk sector. The scan stops 
after the first equal condition is met. 

Scan for each character within the disk sec- 
tor greater than or equal to the correspond- 
ing character within the field length (key). 
The scan stops after the first greater than or 
equal condition is met. 



10-LEQ Scan for each character witNn the disk sec- 
tor less than or equal to the corresponding 
character within the field length (key). The 
scan stops after the first less than or equal 
condition is met. 

D5-D0: Step Size: The Step Size field specifies the 
offset to the next sector in a multisector 
scan. In this case, the next sector address is 
generated by adding the Step Size to the 
current sector address. 



Parameter 4, Field Length 

Specifies the number of bytes to be compared (length of 
key). While the range of legal values is from 1 to 255, the 
field length specified should be evenly divisible into the 
sector length to prevent the key from being split at sector 
boundaries, if the multisector scan commands are used. 



Scan Command Results 

More detailed information about the completion of Scan 
Commands may be obtained by executing Read Special 
Register commands. 



Read Special Register 

Parameter Results 

(Hex) 
06 The sector number of the sector in which the 
specified scan data pattern was located. 

14 MSB Count — The number of 128 byte blocks 
remaining to be compared in the current sector 
when the scan data pattern was located. This 
register is decremented with each 128 byte block 
read. 

13 LSB Count — The number of bytes remaining to 
be compared in the current sector when the scan 
data pattern is located. This register is initialized 
to 128 and is decremented with each byte 
compared. 



Upon a scan met condition, the equation below can be 
used to determine the last byte in the located pattern. 

Pointer= sector length- ((Register 14H)*128 + (Register 13H)) 
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8271 Scan Command Example 

Assume there are only 2 records on track with the 
following data: 

Record 01: 01 02 03 04 05 06 07 08 000.. ..00 
Record 02: 01 02 AA 55 00 00 00 00 00 





Field '^1 


Starting 


# of 




Completion 


Special Registers'"' 




Command 


Length 


Sector # 


Sectors 


Keyi^i 


Code'^i 


R06 


R14 


R13 


Comment 


* SCAN EQ 


2 






01,02 


SME 


01 





127D 


Met in first field 


SCAN EQ 


2 






02,03 


SNM 


X 


X 


X 


Not met 


SCAN EQ 


2 






FFi^',05 


SNM 


X 


X 


X 


Not met with don't care 


* SCAN EQ 


2 






FF'^',06 


SME 


01 





123D 


Met with don't care 


* SCAN EQ 


2 






AA,55 


SME 


02 





125D 


Met in Record 02 


* SCAN EQ 


2 






01,02 


SME 


02 





127D 


Starting sector ^ 1 


* SCAN EQ 


4 






05,06,07,08 


SME 


01 





121D 


Field, Key length = 4 


* SCAN GEQ 


4 






05,06,07,08 


SME 


01 





121D 


GEQ-SME 


* SCAN GEQ 


4 






05,04,07,08 


SMNE 


01 





121D 


GEQ-SMNE 


* SCAN GEQ 


4 






00,03,AA,44''' 


SNM 


X 


X 


X 


GEQ-SNM 


* SCAN LEQ 


4 






01,03,FF,04 


SMNE 


01 





125D 


LEQ-SMNE 


* SCAN LEQ 


4 






01,02,FF,04 


SME 


01 





125D 


LEQ-SME 



NOTES: 

1. Field Length — Each record is partitioned intoanumber of fields equal to the record sizedividedbythefield length. 
Note that the record size should be evenly divisable by the field length to insure proper operation of multi record 
scan. Also, maximum field length = 256 bytes. 

2. Key — The key is a string of bytes located in the user system memory. The key length should equal the field length. 
By programming the 8257 DMA Controller into the auto load mode, the key will be recursively read in by the chip 
(once per field). 

3. Completion Code — Shows how Scan command was met or not met. 
SNM — SCAN Not Met — (also Good Complete) 

SME — SCAN Met Equal — 1 
SMNE — SCAN Met Not Equal — 1 

4. Special Registers 

R06 — This register contains the record number where the scan was met. 

R14 — This register contams the MSB count and is decremented every 128 characters. 



Length ( I ) 
(D7-D5 of PAR 2) 



000 
001 
010 
011 



Record Size 



128 Bytes 
256 Bytes 
512 Bytes 
1024 Bytes 



R14 = 2i:- 1 

(Initialize at 

Beginning of Record) 




R13 — This register contains a modulo 1 28 LSB count which is initialized to 1 28 at beginning of each record. This 
count is decremented after each character is compared except for the last character in a pattern match 
situation. 

5. The OFFh character in the key is treated as a don't care character position. 

6. The Scan comparison is done on a byte by byte basis. That is, byte 1 of each field is compared to byte 1 of the key, 
byte 2 of each field is compared to byte 2 of the key, etc. 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0*'Cto70'*C 

Storage Temperature -65*'Cto + 150 ''C 

Voltage on Any Pin with 

Respect to Ground - 0.5V to + 7V 

Power Dissipation 1 Watt 



'COMMENT: Stresses above those listed und^r "Absolute M^i^um 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any oth^t 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect device reliability. 



D.C. CHARACTERISTICS 

TA = 0°Cto70'"C, Vcc= +5.0V ±5% 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


V|L 


Input Low Voltage 


-0.5 


0.8 


V 




V|H 


Input High Voltage 


2.0 


(Vcc + 0.5) 


V 




Vol 


Output Low Voltage 




0.45 


V 


Iql = 2.0 mA for Data Bus Pins 
loL= 1.7 mA for All Other Pins 


VOH 


Output High Voltage 


2.4 




V 


Ioh=-220mA 


l|L 


Input Load Current 




±10 


/.A 


V|N = Vcc to OV 


loz 


Off-State Output Current 




±10 


/.A 


VouT=VcctoOV 


Ice 


Vcc Supply Current 




180 


mA 





CAPACITANCE 

Ta = 25''C, Vcc = GND = OV 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


C|N 


Input Capacitance 






10 


PF 


tc=1 MHz 


C|/0 


I/O Capacitance 






20 


PF 


Unmeasured Pins Returned to GND 
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A.C. CHARACTERISTICS 

TA = 0''Cto70''C, Vcc=+5.0V ±5% 
Read Cycle 



' '^'^'^'^'M, ^- 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions / 


tAC 


Select Setup to RD 







ns 


Note 2 


tcA 


Select Hold from RD 







ns 


Note 2 


^RR 


RD Pulse Width 


250 




ns 




tAD 


Data Delay from Address 




250 


ns 


Note 2 


tRD 


Data Delay from RD 




150 


ns 


Cl=150pF, Note 2 


tDF 


Output Float Delay 


20 


100 


ns 


Cl= 20 pF for Minimum; 
150 pF for Maximum 


toe 


DACK Setup to RD 


25 




ns 




tcD 


DACK Hold from RD 


25 




ns 




tKD 


Data Delay from DACK 




250 


ns 




Write Cycle 


Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


tAC 


Select Setup to WR 







ns 




tcA 


Select Hold from WR 







ns 




tww 


WR Pulse Width 


250 




ns 




^DW 


Data Setup to WR 


150 




ns 




twD 


Data Hold from WR 







ns 




toe 


DACK Setup to WR 


25 




ns 




tcD 


DACK Hold from WR 


25 




ns 




DMA 


Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


tcQ 


Request Hold from WR or RD (for Non-Burst Mode) 




150 


ns 




Other Timing 


Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


tRSTW 


Reset Pulse Width 


10 




tCY 




tr 


Input Signal Rise Time 




20 


ns 




tf 


Input Signal Fall Time 




20 


ns 




tRSTS 


Reset to First lOWR 


2 




tcY 




tcY 


Clock Period 


250 






Notes 


tcL 


Clock Low Period 


110 




ns 




tcH 


Clock High Period 


122 




ns 




tDS 


Data Window Setup to Unseparated Clock and Data 


50 




ns 




tDH 


Data Window Hold from Unseparated Clock and Data 







ns 





NOTES: 

1. All timing measurements are made at the reference voltages unless otherwise specified: Input "1" at 2.0V, "0" at 0.8V 

Output "1" at 2.0V, "0" at 0.8V 

2- ^AD' ^RD' ^AC' ^^^ *CA ^re not concurrent specs. 

3. Standard Floppy: tcY = 250 ns ±0.4% Mini-Floppy: tcY = 500 ns ±0.4% 
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WAVEFORMS 
Read Wavoforms 



zX 



-tDC- 



Ao, Ai, CS 



X 



-«RR- 



^^. 



-«AC- 



-tRD- 



JZ 



-«KD- 



Write Waveforms 



X 



-«CD- 

X 



X 



-«CA— 



-tDF- 



-51. 



DACK X~' 

Ao,Ai,CS ) i[" 



-tDC- 



-tAC- 



-«ww- 



A. 



3^: 



X 



-»CD — 

x: 



-tCA- 



.^ 



-»WD- 



^ 



DMA Waveforms 



CHIP CLOCK 



y 



X 



-tec- 



"V 



"Y 



-tcY- 



"v / ^^ r 



-<CL- 
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WRITE DATA 



PW- 



PULSE WIDTH PW = tcY ±30 ns 
H (HALF BIT CELL) = 8 tcY 
F (FULL BIT CELL) = 16 tcY 



*tcY = 250 ns ±0.4% 
250 ns ± 30 ns 

2.0 fiS ± 8 ns 
4.0 /us ±16 ns 



*tcY = 500 ns ±0.4% 
500 ns ± 30 ns 
4.0 /iS ±16 ns 
8.0 MS ± 32 ns 



Figure 24. Write Data 



READ DATA 




U 


Lri_rn 






^ IT b 


< H ^ "^ H *^ 
^ c ^ 




*«CY = 


*" r ^ 
= 250 ns 


McY = 500 ns 






F = 16tcY ±8 
H = 8tcY ±4 


tCY 
tCY 




Figure 25. Read Data 



^STANDARD FLEXIBLE DISK DRIVE TIMING 
♦MINIFLOPPY TIMING 
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DATA 



DATA 



tpS^SO ns 



WiNDOW 



f 



v 



x_ 



tDH^O ns 



Figure 26. Single-Shot Data Separator 



DATA 




*DATA 
WINDOW 



J v_ / 



\ 



tps^SO ns 

r 



tpH^Ons 



*DATA WINDOW MAY BE 180« OUT OF PHASE 
IN PLO DATA SEPARATION MODE. 



Figure 27. PLO Data Separator 
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PROGRAMMABLE HDLC/SDLC PROTOCOL 

CONTROLLER 



■ HDLC/SDLC Compatible 

■ Frame Level Commands 

■ Full Duplex, Half Duplex, or Loop 
SDLC Operation 

■ Up to 64K Baud Transfers 

■ Two User Programmable Modem 
Control Ports 

■ Automatic FCS (CRC) Generation and 
Checking 



■ Programmable NRZI Encode/Decode 

■ N-BIt Reception Capability 

■ Digital Phase Locked Loop Clock 
Recovery 

■ Minimum CPU Overhead 

■ Fully Compatible with 8080/8085 CPUs 

■ Single + 5V Supply 

■ 40-Pln Package 



The Intel® 8273 Programmable HDLC/SDLC Protocol Controller is a dedicated device designed to support the ISO/C- 
CITT's HDLC and IBM's SDLC communication line protocols. It is fully compatible with Intel's new high performance 
microcomputer systems such as the MCS*85^^. A frame level command set is achieved by a unique microprogrammed 
dual processor chip architecture. The processing capability supported by the 8273 relieves the system CPU of the low 
level real-time tasks normally associated with controllers. 



PIN CONFIGURATION 



BLOCK DIAGRAM 




PIN NAMES 



TxINT RESULT 


COMMAND 


RxINT RESULT 


PARAMETER 


TEST MODE 


STATUS 




RESULT 



■o 



TxDRQ 
TxDACK ■ 

RxDRO 
R^ACK ■ 

TxINT 
RxINT 



o 



DATA 

BUS 

BUFFER 



o 



READ/ 
WRITE 
DMA/ 
CONTROL 
LOGIC 



DB0-DB7 


DATA BUS (8 BITS) 
FLAG DETECT 




CS 
32xCLK 


CHIP SELECT 
32 TIMES CLOCK 


PLAd DEt 


TxINT 


TRANSMITTER INTERRUPT 




RxD 


RECEIVER DATA 


CLK 


CLOCK INPUT 




RxC 


RECEIVER CLOCK 


RESET 


RESET 




TxC 


TRANSMITTER CLOCK 


TxDACk 


TRANSMITTER DMA ACKNOWLEDGE 




TxD 


TRANSMITTER DATA 


TxDRQ 


TRANSMITTER DMA REQUEST 




CTS 


CLEAR TO SEND 


RD 


READ INPUT 




CD 


CARRIER DETECT 


WR 


WRITE INPUT 

RECEIVER DMA ACKNOWLEDGE 




PA2-PA4 


GP INPUT PORTS 
GP OUTPUT PORTS 


Rx DACK 


'A''' 


RxDRQ 


RECEIVER DMA REQUEST 




REQUEST TO SEND 


RxINT 


RECEIVER INTERRUPT 




Vcc 


+5 VOLT SUPPLY 


A0-A1 


COMMAND REGISTER SELECT ADDRESS 




GND 


GROUND 


DPLL 


DIGITAL PHASE LOCKED LOOP 









T' 



Ci> 



INTERNAL DATA BUS ■ 
CPU INTERFACE 




MODEM INTERFACE 
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A BRIEF DESCRIPTION OF HDLC/SDLC 
PROTOCOLS 

General 

The High Level Data Link Control (HDLC) is a standard 
communication link protocol established by International 
Standards Organization (ISO). HDLC is the discipline 
used to implement ISO X.25 packet switching systems. 

The Synchronous Data Link Control (SDLC) is an IBM 
communication link protocol used to implement the 
System Network Architecture (SNA). Both the protocols 
are bit oriented, code independent, and ideal for full 
duplex communication. Some common applications 
include terminal to terminal, terminal to CPU, CPU to 
CPU, satellite communication, packet switching and other 
high speed data links. In systems which require expensive 
cabling and interconnect hardware, any of the two 
protocols could be used to simplify interfacing (by going 
serial), thereby reducing interconnect hardware costs. 
Since both the protocols are speed independent, reducing 
interconnect hardware could become an important 
application. 

Network 

In both the HDLC and SDLC line protocols, according to a 
pre-assigned hierarchy, a PRIMARY (Control) STATION 
controls the overall network (data link) and issues 
commands to the SECONDARY (Slave) STATIONS. The 
latter comply with instructions and respond by sending 
appropriate RESPONSES. Whenever a transmitting 
station must end transmission prematurely it sends an 
ABORT character. Upon detecting an abort character, a 
receiving station ignores the transmission block called a 
FRAME. Time fill between frames can be accomplished by 
transmitting either continuous frame preambles called 
FLAGS or an abort character. A time fill within a frame is 
not permitted. Whenever a station receives a string of 
more that fifteen consecutive ones, the station goes into 
an IDLE state. 

Frames 

A single communication element isralled a FRAME which 
can be used for both Link Control and data transfer 
purposes. The elements of a frame are the beginning eight 
bit FLAG (F) consisting of one zero, six ones, and a zero, 
an eight bit ADDRESS FIELD (A), an eight bit CONTROL 
FIELD (C), a variable (N-bit) INFORMATION FIELD (I), a 
sixteen bit FRAME CHECK SEQUENCE (FCS), and an 
eight bit end FLAG (F), having the same bit pattern as the 
beginning flag. In HDLC the Address (A) and Control (C) 
bytes are extendable. The HDLC and the SDLC use three 



types of frames; an Information Frame is used to transfer 
data, a Supervisory Frame is used for control purposes, 
and a Non-sequenced Frame is used for initializafion and 
control of the secondary stations. 

Frame Characteristics 

An important characteristic of a frame is that its con- 
tents are made code transparent by use of a zero bit 
insertion and deletion technique. Thus, the user can adopt 
any format or code suitable for his system — it may even 
be a computer word length or a "memory dump". The 
frame is bit oriented that is, bits, not characters in each 
field, have specific meanings. The Frame Check 
Sequence (FCS) is an error detection scheme similar to 
the Cyclic Redundancy Checkword (CRC) widely used in 
magnetic disk storage devices. The Command and 
Response information frames contain sequence numbers 
in the control fields identifying the sent and received 
frames. The sequence numbers are used in Error 
Recovery Procedures (ERP) and as implicit acknowledge- 
ment of frame communication, enhancing the true full- 
duplex nature of the HDLC/SDLC protocols. 

In contrast, BISYNC is basically half-duplex (two way 
alternate) because of necessity to transmit immediate 
acknowledgement frames. HDLC/SDLC therefore saves 
propagation delay times and have a potential of twice the 
throughput rate of BISYNC. 

It is possible to use HDLC or SDLC over half duplex lines 
but there is a corresponding loss in throughput because 
both are primarily designed for full-duplex communi- 
cation. As in any synchronous system, the bit rate is 
determined by the clock bits supplied by the modem, 
protocols themselves are speed independent. 

A byproduct of the use of zero-bit insertion-deletion 
technique is the non-return-to-zero invert (NRZI) data 
transmission/reception compatibility. The latter allows 
HDLC/SDLC protocols to be used with asynchronous 
data communication hardware in which the clocks are 
derived from the NRZI encoded data. 

References 

IBM Synchronous Data Link Control General Information, IBM, GA27- 
3093-1. 

Standard Network Access Protocol Specification, DATAPAC, Trans- 
Canada Telephone System CCG111 

Recommendation X.25, ISO/CCITT March 2, 1976. 

IBM 3650 Retail Store System Loop Interface OEM Information, IBM, GA 
27-3098-0 

Guidebook to Data Communications, Training Manual, Hewlett-Packard 
5955-1715 

IBM Introduction to Teleprocessing, IBM, GC 20-8095-02 

System Network Architecture, Technical Overview, IBM, GA 27-3102 

System Network Architecture Format and Protocol, IBM GA 27-3112 





OPENING 
FLAG (F) 


ADDRESS 
FIELD (A) 


CONTROL 
FIELD (C) 


INFORMATION 
FIELD (1) 


FRAME CHECK 
SEQUENCE (FCS) 


CLOSING 
FLAG (F) 






01111110 


8 BITS 


8 BITS 


VARIABLE LENGTH 
(ONLY IN 1 FRAMES) 


16 BITS 


01111110 















Figure 1. Frame Format 
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FUNCTIONAL DESCRIPTION 
General 

The Intel® 8273 HDLC/SDLC controller is a microcom- 
puter peripheral device which supports the International 
Standards Organization (ISO) High Level Data Link 
Control (HDLC), and IBM Synchronous Data Link Control 
(SDLC) communications protocols. This controller 
minimizes CPU software by supporting a comprehensive 
frame-level instruction set and by hardware implemen- 
tation of the low level tasks associated with frame 
assembly/disassembly and data integrity. The 8273 can be 
used In either synchronous or asynchronous applications. 
In asynchronous applications the data can be program- 
med to be encoded/decoded in NRZI code. The clock is 
derived from the NRZI data using a digital phase locked 
loop. The data transparency is achieved by using a zero- 
bit insertion/deletion technique. The frames are automati- 
cally checked for errors during reception by verifying the 
Frame Check Sequence (FCS); the PCS is automatically 
generated and appended before the final flag in transmit. 
The 8273 recognizes and can generate flags (01111110), 
Abort, Idle, and GA (EOP) characters. 

The 8273 can assume either a primary (control) or a 
secondary (slave) role. It can therefore be readily 
implemented in an SDLC loop configuration as typified by 
the IBM 3650 Retail Store System by programming the 
8273 into a one-bit delay mode. In such a configuration, a 
two wire pair can be effectively used for data transfer 
between controllers and loop stations. The digital phase 
locked loop output pin can be used by the loop station 
without the presence of an accurate Tx clock. 

Hardware Description 

The 8273 is packaged in a 40 pin DIP. The following is a 

functional description of each pin. 

Pin Name (No.) I/O Description 

Vcc (40) +5V Supply 

GND (20) Ground 

RESET (4) I A high signal on this pin will force 

the 8273 to an idle state. The 8273 
will remain idle until a command 
is issued by the CPU. The modem 
interface output signals are forc- 
ed high. Reset must be true for a 
minimum of 10 TCY. 
I The RD and WR inputs are en- 
abled by the chip select input. 
•12) I/O The Data Bus lines are bidirec- 
tional three-state lines which in- 
terface with the system Data Bus. 
I The Write signal is used to con- 
trol the transfer of either a com- 
mand or data from CPU to the 

8273. 

RD (9) I The Read signal is used to con- 

trol the transfer of either a data 
byte or a status word from the 
8273 to the CPU. 

TxINT (2) O The Transmitter interrupt signal 

indicates that the transmitter 
logic requires service. 

RxlNT(ll) O The Receiver interrupt signal in- 

dicates that the Receiver logic re- 
quires service. 



OS (24) 
DB7-DB0 (19- 

WR (10) 



TxDRO (6) 



RxRDQ (8) 



TxDACK (5) 



RxDACK (7) 

A1-A0 (22-21) 
TxD (29) 
TxC (28) 
RxD (26) 
RxC (27) 



32X CLK (25) 



DPLL (23) 

FLAG DET(I) 

RTS (35) 
CTS (30) 

CD (31) 
PA2-4 (32-34) 
PB1-4 (36-39) 



CLK (3) 



Requests a transfer- of data be- 
tween memory and the $2TS for a 
transmit operation, 

O Requests a transfer of data be- ^ 
tween the 8273 and memory for a 
receive operation. 

1 The Transmitter DMA acknow- 
ledge signal notifies the 8273 that 
the TxDMA cycle has been 
granted. 

I The Receiver DMA acknowledge 
signal notifies the 8273 that the 
RxDMA cycle has been granted. 

I These two lines are CPU Inter- 
face Register Select lines. 

This line transmits the serial data 
to the communication channel. 

1 The transmitter clock is used to 
synchronize the transmit data. 

I This line receives serial data from 
the communication channel. 

I The Receiver Clock is used to 
synchronize the receive data. 

I The 32X clock is used to provide 
clock recovery when an asyn- 
chronous modem is used. In loop 
configuration the loop station 
can run without an accurate IX 
clock by using the 32X CLK in 
conjunction with the DPLL out- 
put. (This pin must be grounded 
when not used). 

O Digital Phase Locked Loop out- 
put can be tied to RxC and/or 
TxC when IX clock is not avail- 
able. DPLL is used with 32X CLK. 

Flag Detect signals that a flag 
(01111110) has been received by 
an active receiver. 

O Request to Send signals that the 
8273 is ready to transmit data. 

1 Clear to Send signals that the 
modem is ready to accept data 
from the 8273. 

I Carrier Detect signals that the 
line transmission has started and 
the 8273 may begin to sample 
data on RxD line. 

I General purpose input ports. The 
logic levels on these lines can be 
Read by the CPU through the 
Data Bus Buffer. 

General purpose output ports. 
The CPU can write these output 
lines through Data Bus Buffer. 

1 A square wave TTL clock. 
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CPU Interface 



Register Description 



The CPU interface is optimized for the MCS-SO/SS'" bus 
with an 8257 DI\4A controller. However, the interface is 
flexible, and allows either DMA or non-DMA data 
transfers, interrupt or non-interrupt driven. It further 
allows maximum line utilization by providing early 
interrupt mechanism for buffered (only the information 
field can be transferred to memory) Tx command over- 
lapping. It also provides separate Rx and Tx interrupt 
output channels for efficient operation. The 8273 keeps 
the interrupt request active until all the associated 
interrupt results have been read. 

The CPU utilizes the CPU interface to specify commands 
and transfer data. It consists of seven registers addressed 
via CS, Ai, Ao, RD and WR signals and two independent 
data registers for receive data and transmit data. Ai , Ao are 
generally derived from two low order bits of the address 
bus. If an 8080 based CPU is utili zed, t he R D and WR 
signals may be driven by the 8228 I/OR and l/OW. The 
table shows the seven register select decoding: 
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Figure 2. 8273 Biocic Diagram Sliowing CPU Interface 
Functions 



Command 

Operations are initiated by writing an appropriate 
command in the Command Register. 



Parameter 

Parameters of commands that require additional informa- 
tion are written to this register. 

Result 

Contains an immediate result describing an outcome of an 
executed command. 



Transmit Interrupt Result 

Contains the outcome of 8273 transmit operation 
(good/bad completion). 



Receive Interrupt Result 

Contains the outcome of 8273 receive operation (good/ 
bad completion), followed by additional results which de- 
tail the reason for interrupt. 



Status 

The status register reflects the state of the 8273 CPU 
Interface. 



DIMA Data Transfers 

The 8273 CPU interface supports two independent data 
interfaces: receive data and transmit data. At high data 
transmission speeds the data transfer rate of the 8273 is 
great enough to justify the use of direct memory access 
(DMA) for the data transfers. When the 8273 is configured 
in DMA mode, the elements of the DMA interfaces are: 



TxDRQ: Transmit DMA Request 

Requests a transfer of data between memory and the 
8273 for a transmit operation. 



TxDACK: Transmit DMA Acknowledge 



The TxDACK signal notifies the 8273 that a transmit 
DMA cycle has been granted. It is also used with WR to 
transfer data to the 8273 in non-DMA mode. 



RxDRQ: Receive DMA Request 

Requests a transfer of data between the 8273 and mem- 
ory for a receive operation. 
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RxDACK: Receive DMA Acknowledge 



The RxDACK signal notifies the 8273 that a receive DIVIA 
cycle has been granted. It is also used with RD to read 
data from the 8273 in non-DMA nnode. 

RD, WR: Read, Write 

The RD and WR signals are used to specify the direction of 
the data transfer. 

DMA transfers require the use of a DMA controller such as 
the Intel 8257. The function of the DMA controller is to 
provide sequential addresses and timing for the transfer, 
at a starting address determined by the CPU. Counting of 
data block lengths is performed by the 8273. 

To request a DMA transfer the 8273 raises the appropriate 
DMA REQUEST. DMA ACKNOWLEDGE and READ en- 
ables DMA data onto the bus (independently of CHIP 
SELECT). DMA ACKNOWLEDGE and WRITE transfers 
DMA data to the 8273 (independent of CHIP SELECT). 

It is also possible to configure the 8273 in the non-DMA 
data transfer mode. In this mode the CPU module must 
pass data to the 8273 in response to non-DMA data re- 
quests indicated by the status word. 

Modem Interface 

The 8273 Modem interface provides both dedicated and 
user defined modem control functions. All the control 
signals are active low so that EIA RS-232C inverting 
drivers (MO 1488) and inverting receivers (MC 1489) may 
be used to interface to standard modems. For asynchro- 
nous operation, this interface supports programmable 
NRZI data encode/decode, a digital phase locked loop 
for efficient clock extraction from NR ZI data, and 
modem cont rol ports with automatic CTS, CD monitor- 
ing and RTS generation. This interface also allows the 
8273 to operate in PRE-FRAME SYNC mode in which the 
8273 prefixes 16 transitions to a frame to synchronize 
idle lines before transmission of the first flag. 

It should be noted that all the 8273 port operations deal 
with logica l val ues, for instance, bit DO of Port A will be a 
one when CTS (Pin 30) is a physical zero (logical one). 

Port A ~ input Port 

During operation, the_8273 interrogates input pins CTS 
(Clear to Send) and CD (Carrier Detect). CTS is used to 
cond ition the start of a transmission. If during transmis- 
sion CTS is lost the 8273 generates an interrupt. During 
reception, if CD is lost, the 8273 generates an interrupt. 



TxINT RESULT 


COMMAND 


RxINT RESULT 


PARAMETER 


TEST MODE 


STATUS 




RESULT 



o 



A I\ DATA 



■v^ 



O 



TxDRO 
TxDACK ■ 

RxDRG 
RxDACK • 

TxINT 
RxINT 



READ/ 
WRITE 
DMA/ 
CONTROL 
LOGIC 



AN 



INTERNAL DATA BUS ■ 



CPU INTERFACE 



A\ 



o 



TxD 
TxC 



^« 







C:]-'. 



RxD 
RxC 



MODEM INTERFACE 



Figure 3. 8273 Block Diagram Showing Control Logic 
Functions 



Port B - Output Port 

During normal operation, if the CPU sets RTS activ e, the 
8273 will not change this pin; however, if the CPU sets RTS 
inactive, the 8273 will activate it before each transmission 
and deactivate it one byte time after transmission. While 
the receiver is active the flag detect pin Is pulsed each time 
a flag sequence is detected in the receive data stream. 
Following an 8273 reset, all pins of Port B are set to a high, 
inactive level. 
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The user defined input bits correspond to the 8273 PA4, 
PA3 and PA2 pins. The 8273 does not interrogate or ma- 
nipulate these bits. 



The user defined output bits correspond to the state of 
PB4-PB1 pins. The 8273 does not interrogate or manipu- 
late these bits. 
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Serial Data Logic 

The Serial dat a is s ynchronized by the user transmit ( TxC) 
and receive (RxC) clocks. The leading edge of TxC 
generates new transmit data and the trailing edge of RxC 
is used to capture receive data. The NRZI encoding/ 
decoding of the receive and transmit data is program- 
mable. 

The diagnostic features included in the Serial Data logic 
are programmable loop back of data and selectable clock 
for the receiver. In the loop-back mode, the data presented 
to the TxD pin is internally routed to the receive data input 



circuitry in place of the RxD pin, thus allowing a CPU to 
send a message to itself to verify operation of the 8273. 

In the selectable clock diagnostic feature, when the data is 
looped back, the receiver may be presented incorrect 
sample timing by the exte rnal circui try. T he user may 
select to substitute the TxC pin for the RxC input on-chip 
so that the clock used to generate the loop back data is 
used to sam ple It. Since TxD Is generated off the leading 
edge of TxC and RxD is sampled on the trailing edge, the 
selected clock allows bit synchronism. 
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Figure 4. Transmit/Receive Timing 



Asynchronous Mode Interface 

Although the 8273 Is fully compatible with the HDLC/ 
SDLC communication line protocols, which are primarily 
designed for synchronous communication, the 8273 can 
also be used in asynchronous applications by using this 
interface. The interface employs a digital phase locked 
loop (DPLL) for clock recovery from a receive data stream 
and programmable NRZI encoding and decoding of data. 
The use of NRZI coding with SDLC transmission 



guarantees that within a frame, data transitions will occur 
at least every five bit times — the longest sequence of ones 
which may be transmitted without zero-bit insertion. The 
DPLL should be used only when NRZI coding is used 
since the NRZI coding will transmit zero sequence as line 
transitions. The digital phase locked loop also facilitates 
full-duplex and half-duplex asynchronous Implemen- 
tation with, or without modems. 
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Digital Phase Loclced Loop 

In asynchronous applications, the clock is derived from 
the receiver data stream by the use of the digital phase 
locked loop (DPLL). The DPLL requires a clock input at32 
times the require d baud ra te. The receive data (RxD) is 
sampled with this 32X CLK and the 8273 DPLL supplies a 
sample pulse nominally centered on the RxD bit cells. The 
DPLL has a built-in "stiffness" which reduces sensitivity to 
line noise and bit distortion. This is accomplished by 
making phase error adjustments in discrete increments. 
Sin ce the no minal pulse is made to occur at 32 counts of 
the 32X CLK, these counts are subtracted or added to the 
nominal, depending upon which quadrant of the four error 
quadrants the data edge occurs in. For example if an RxD 
edge is detected in quadrant A1, it is apparent that the 
DPLL sample "A" was placed too close to the trailing edge 
of the data cell; sample "B" will then be place d at T = 
(Tnominai - 2 counts)) = 30 counts of the 32X CLK to move 
the sample pulse "B" toward the nominal center of the next 
bit cell. A data edge occuring in quadrant B1 would cause 
a smaller adjustment of phase with T = 31 counts of the 
32X CLK. Using this technique the DPLL pulse will 
converge to nominal bit center within 12 data bit times, 
worst case, with constant incoming RxD edges. 

A method of attaining bit synchronism following a line idle 
is to use PRE-FRAME SYNC mode of transmission. 
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Synchronous Modem — Duplex or Half Duplex Operation 
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SDLC Loop 

The DPLL simplifies the SDLC loop station implementa- 
tion. In this application, each secondary station on a loop 
data link is a repeater set in one-bit delay mode. The 
signals sent out on the loop by the loop controller (primary 
station) are relayed from station to station then, back to 
the controller. Any secondary station finding its address in 
the A field captures the frame for action at that station. All 
received frames are relayed to the next station on the loop. 

Loop stations are required to derive bit timing from the 
incoming NRZI data stream. The DPLL generates sample 
Rx clock timing for reception and uses the same clock to 
implement Tx clock timing. 



32x 
CLOCK 



IX LOOP 
OSCILLATOR 



32xCLK DPLL 

8273 

LOOP 

CONTROLLER 



8273 

LOOP 

TERMINAL 



32xCLK DPLL 



8273 

LOOP 

TERMINAL 



DPLL 32xCLK 



32x 
CLOCK 



32x 
CLOCK 



Figure 6. SDLC Loop Application 
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PRINCIPLES OF OPERATION 

The 8273 is an intelligent peripheral controller which 
relieves the CPU of many of the rote tasks associated with 
constructing and receiving frames. It is fully compatible 
with the MCS-SO/SS^" system bus. As a peripheral device, 
It accepts commands from a CPU, executes these 
commands and provides an Interrupt and Result back to 
the CPU at the end of the execution. The communication 
with the CPU is done by activation of CS, RD, WR pins, 
while the Ai, Ao select the appropriate registers on the 
chip as described in the Hardware Description Section. 
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The 8273 operation is composed of the following 
sequence of events: 



COMMAND PHASE 



EXECUTION PHASE 



RESULT PHASE 



CPU WRITES COMMAND AND PARAMETERS INTO THE 
8273 COMMAND AND PARAMETER REGISTERS. 



THE 8273 IS ON ITS OWN TO CARRY OUT THE COMMAND. 

THE 8273 SIGNALS THE CPU THAT THE EXECUTION 
HAS FINISHED. THE CPU MUST PERFORM A READ 
OPERATION OF ONE OR MORE OF THE REGISTERS. 



The Command Phase 

During the command phase, the software writes a com- 
mand to the command register. The command bytes pro- 
vide a general description of the type of operation re- 
quested. Many commands require more detailed infor- 
mation about the command. In such a case up to four 
parameters are written into the parameter register. The 
flowchart of the command phase indicates that a com- 
mand may not be issued if the Status Register indicates 
that the device is busy. Similarly if a parameter is issued 
when the Parameter Buffer shows full, incorrect operation 
will occur. 

The 8273 is a duplex device and both transmitter and 
receiver may each be executing a command or passing 
results at any given time. For this reason separate 
interrupt pins are provided. However, the command regis- 
ter must be used for one command sequence at a time. 

Status Register 

The status register contains the status of the 8273 activity. 
The description is as follows. 
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Bit 7 CBSY (Command Busy) 

Indicates in-progress command, set for CPU poll when 
Command Register is full, reset upon command phase 
completion. It is improper to write a command when CBSY 
is set; it results in incorrect operation. 



WRITE 
COMMAND 





f END J 



END OF COMMAND PHASE 



Figure 7. Command Phase Flowchart 



Bit 6 CBF (Command Buffer Full) 

Indicates that the command register is full, it is reset when 
the 8273 accepts the command byte but does not imply 
that execution has begun. 

Bit 5 CPBF (Command Parameter Buffer Full) 

CPBF is set when the parameter buffer is full, and is reset 
by the 8273 when it accepts the parameter. The CPU may 
poll CPBF to determine when additional parameters may 
be written. 

Bit 4 CRBF (Command Resuit Buffer Full) 

Indicates that an executed command immediate result is 
present in the Result Register. It is set by 8273 and reset 
when CPU reads the result. 
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Bit 3 RxINT (Receiver Interrupt) 

RxINT indicates that the receiver requires CPU attention. 
It is identical to RxINT (pin 11) and is set by the 8273 either 
upon good/bad completion of a specified command or by 
Non-DMA data transfer. It is reset only after the CPU has 
read the result byte or has received a data byte from the 
8273 in a Non-DMA data transfer. 

Bit 2 TxINT (Transmitter Interrupt) 

The TxINT Indicates that the transmitter requires CPU 
attention. It is identical to TxINT (pin 2). It is set by 8273 
either upon good/bad completion of a specified command 
or by Non-DMA data transfer. It is reset only after the CPU 
has read the result byte or has transferred transmit data 
byte to the 8273 in a Non-DMA transfer. 

Bit 1 RxIRA (Receiver Interrupt Result Available) 

The RxIRA is set by the 8273 when an interrupt result 
byte is placed in the RxINT register. It is reset after the 
CPU has read the RxINT register. 

Bit TxIRA (Transmitter Interrupt Result Available) 

The TxIRA is set by the 8273 when an interrupt result 
byte Is placed in the TxINT register. It is reset when the 
CPU has read the TxINT register. 



The Execution Phase 

Upon accepting the last parameter, the 8273 enters^fi^Q- 
the Execution Phase. The execution phase may consist 
of a DMA or other activity, and may or may not requite 
CPU intervention. The CPU intervention is eliminated in 
this phase if the system utilizes DMA for the data trans- 
fers, otherwise, for non-DMA data transfers, the CPU Is 
interrupted by the 8273 via TxINT and RxINT pins, for 
each data byte request. 



The Result Phase 

During the result phase, the 8273 notifies the CPU of the 
execution outcome of a command. This phase is initiated 
by: 

1. The successful completion of an operation 

2. An error detected during an operation. 

To facilitate quick network software decisions, two types 
of execution results are provided: 

1. An Immediate Result 

2. A Non-Immediate Result 
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Figure 8. Rx Interrupt Result Byte Format 
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Figure 10. Tx Interrupt Result Byte Format 
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Immediate result is provided by the 8273 for commands 
such as Rea d Po rt A a nd R ead Port B which have 
information (CTS, CD, RTS, etc.) that the network 
software needs to make quick operational decisions. 



A command which cannot provide an Immediate result will 
generate an interrupt to signal the beginning of the Result 
phase. The immediate results are provided in the Result 
Register; all non-immediate results are available upon 
device interrupt, through Tx Interrupt Result Register 
Txl/R or Rx Interrupt Result Register Rxl/R. The result 
may consist of a one-byte interrupt code indicating the 



condition for the interrupt and, if required, one or more 
bytes which detail the condition. 

Tx and Rx Interrupt Result Registers 

The Result Registers have a result code, the three high 
order bits D7-D5 of which are set to zero for all but the 
receive command. This command result contains a count 
that indicates the number of bits received in the last byte. If 
a partial byte Is received, the high order bits of the last data 
byte are indeterminate. 

All results Indicated in the command summary must be 
read during the result phase. 
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AFTER COMMAND PHASE COMPLETION (READ PORT A, PORT B) 
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Figure 9. Rx Interrupt Service 
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DETAILED COMMAND DESCRIPTION 

General 

The 8273 HDLC/SDLC controller supports a comprehen- 
sive set of high level commands which allows the 8273 to 
be readily used in full-duplex, half-duplex, synchronous, 
asynchronous and SDLC loop configuration, with or 
without modems. These frame-level commands minimize 
CPU and software overhead. The 8273 has address and 
control byte buffers which allow the receive and transmit 
commands to be used in buffered or non-buffered modes. 

In buffered transmit mode, the 8273 transmits a flag 
automatically, reads the Address and Control buffer 
registers and transmits the fields, then via DMA, it fetches 
the information field. The 8273, having transmitted the 
information field, automatically appends the Frame Check 
Sequence (FCS) and the end flag. Correspondingly, in 
buffered read mode, the Address and Control fields are 
stored in their respective buffer registers and only 
Information Field is transferred to memory. 

In non-buffered transmit mode, the 8273 transmits the 
beginning flag automatically, then fetches and transmits 
the Address, Control and Information fields from the 
memory, appends the FCS character and an end flag. In 
the non-buffered receive mode the entire contents of a 
frame are sent to memory with the exception of the flags 
and FCS. 



HDLC Implementation 

HDLC Address and Control field are extendable. The 
extension is selected by setting the low order bit of the 
field to be extended to a one, a zero in the low order bit 
indicates the last byte of the respective field. 

Since Address/Control field extension is normally done 
with software to maximize extension flexibility, the 8273 
does not create or operate upon contents of the extended 
HDLC Address/Control fields. Extended fields are 
transparently passed by the 8273 to user as either 
interrupt results or data transfer requests. Software must 
assemble the fields for transmission and interrogate them 
upon reception. 

However, the user can take advantage of the powerful 
8273 commands to minimize CPU/Software overhead and 
simplify buffer management in handling extended fields. 
For instance buffered mode can be used to separate the 
first two bytes, then interrogate the others from buffer. 
Buffered mode is perfect for a two byte address field. 

The 8273 when programmed, recognizes protocol 
characters unique to HDLC such as Abort, which is a 
string of seven or more ones (01111111). Since Abort 
character is the same as the GA (EOP) character used in 
SDLC Loop applications. Loop Transmit and Receive 
commands are not recommended to be used in HDLC. 
HDLC does not support Loop mode. 



Initialization Set/Reset Commands 

These commands are used to manipulate data within the 
8273 registers. The Set commands have a single param* 
eter which is a mask that corresponds to the bits to be set. 
(They perform a logical-OR of the specified register with 
the mask provided as a parameter). The Register 
commands have a single parameter which is a mask that 
has a zero in the bit positions that are to be reset. (They 
perform a logical-AND of the specified register with the 
mask). 

Set One-Bit Delay (CMD Code A4) 
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When one bit delay is set, 8273 retransmits the received 
data stream one bit delayed. This mode is entered at a 
receiver character boundary, and should only be used by 
Loop Stations. 

Reset One-Bit Delay (CMD Code 64) 
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The 8273 stops the one bit delayed retransmission mode. 
Set Data Transfer Mode (CMD Code 97) 
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When the data transfer mode is set, the 8273 will interrupt 
when data bytes are required for transmission or are 
available from a receive. If a transmit interrupt occurs and 
the status indicates that there is no Transmit Result 
(TxIRA = 0), the interrupt is a transmit data request. If a 
receive interrupt occurs and the status indicates that there 
is no receive result (RxIRA = 0), the interrupt is a receive 
data request. 

Reset Data Transfer Mode (CMD Code 57) 
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If the Data Transfer Mode is reset, the 8273 data transfers 
are performed through the DMA requests without interrupt- 
ing the CPU. 
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Set Operating Mode (CMD Code 91) 
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Reset Operating Mode (CMD Code 51) 
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Any mode switches set in CMD code 91 can be reset using 
this command by placing zeros in the appropriate 
positions. 

(D5) HDLC Mode 

I n HDLC mode, a bit sequence of seven ones (01 1 1 1 1 1 1 ) is 
interpreted as an abort character. Otherwise, eight ones 
(011111111) signal an abort. 

(D4) EOP Interrupt Mode 

In EOP interrupt mode, an interrupt is generated 
whenever an EOP character (01 1 1 1 1 1 1) is detected by an 
active receiver. This mode is useful forthe implementation 
of an SDLC loop controller in detecting the end of a 
message stream after a loop poll. 

(D3) Transmitter Early Interrupt Mode (Tx) 

The early interrupt mode is specified to indicate when the 
8273 should generate an end of frame interrupt. When set, 
an early Interrupt is generated when the last data 
character has been passed to the 8273. If the user software 
responds with another transmit command before the final 
flag is sent, the final flag interrupt will not be generated 
and a new frame will immediately begin when the current 
frame is complete. This permits frames to be separated by 
a single flag. If no additional Tx commands are provided, a 
final interrupt will follow. 

If this bit is zero, the interrupt will be generated only after 
the final flag has been transmitted. 

(D2) Buffered Mode 

If the buffered mode bit is set to a one, the first two bytes 
(normally the address (A) and control (C) fields) of a frame 
are buffered by the 8273. If this bit is a zero the address and 
control fields are passed to and from memory. 

(D1) Preframe Sync Mode 

If this bit is set to a one the 8273 will transmit two charac- 
ters before the first flag of a frame. 
To guarantee sixteen line transitions, the 8273 sends two 
bytes of data (00)h if NRZI is set or data (55)h if NRZI is not 
set. 



(DO) Flag Stream Mode 

If this bit is set to a one, the following table outlines the 
operation of the transmitter. 



TRANSMITTER STATE 


ACTION 


Idle 

Transmit or Transmit-T 
Transparent Active J 
Loop Transmit Active 
1 Bit Delay Active 


Send Flags immediately. 
Send Flags after the 
transmission complete 

Ignore command. 
Ignore command. 



If this bit is reset to zero the following table outlines the 
operation of the transmitter. 



TRANSMITTER STATE 


ACTION 


IDLE 

Transmit or Transmit- 
Transparent Active J 


Send Idles on next character 

boundary. 

Send Idles after the transmission 

is complete. 


Loop Transmit Active 


Ignore command. 


1 Bit Delay Active 


Ignore command. 



Set Serial I/O Mode (CMD Code AG) 

Ai Ao D7 Dg D^ D4 D3 D2 D, Dq 



CMD: 
PAR: 



0010100000 
10 





1 1 = NRZI 


MODE 


1 = TxC -♦►RxC 


1 = LOOP BACK TxD 


-^RxD 



Reset Serial I/O Mode (CMD Code 60) 

This command allows bits set in CMD code AO to be reset 
by placing zeros in the appropriate positions. 

Ai Aq Dy Dg D5 D4 D3 D2 Di Do 
CMD: 












1 


1 




















1 


1 


1 


1 


1 


1 









(D2) Loop Back 

If this bit is set to a one, the transmit data is internally routed 
to the receive data circuitry. 

(DI)TxC-^RxC 

If this bit Is set to a one, the transmit clock is internally 
routed to the receive clock circuitry. It is normally used 
with the loop back bit (D2). 

(DO) NRZI Mode 

If this bit Is set to a one, NRZI encoding and decoding of 
transmit and receive data is provided. If this bit is a zero, the 
transmit and receive data is treated as a normal positive logic 
bit stream. 

NRZI encoding specifies that a zero causes a change in the 
polarity of the transmitted signal and a one causes no polarity 
change. NRZI is used in all asynchronous operations. 
Refer to IBM document GA27-3093 for details. 
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Reset Device Command 



Selective Receive (CMD Code 01) 





Ai 


Ao 


Dy 


De 


Db 


D4 


D3 


D2 


Di 


Do 


TMR: 


1 


























1 


TMR: 


1 


° 























° 



An 8273 reset command is executed by outputing a (01)h 
followed by (00)h to the reset register (TMR). See 8273 
AC timing characteristics for Reset pulse specifica- 
tions. 

The reset command emulates the action of the reset pin. 

1. The modem control signals are forced high (inactive 
level). 

2. The 8273 status register flags are cleared. 

3. Any commands in progress are terminated immedi- 
ately. 

4. The 8273 enters an idle state until the next command is 
issued. 

5. The Serial I/O and Operating Mode registers are set 
to zero and DMA data register transfer mode is 
selected. 

6. The device assumes a non-loop SDLC terminal role. 

Receive Commands 

The 8273 supports three receive commands: General 
Receive, Selective Receive, and Selective Loop Receive. 

General Receive (CMD Code CO) 

General receive is a receive mode in which frames are 
received regardless of the contents of the address field. 



Ai Ao D7 De D5 D4 D3 D2 Di Do 



CMD: 
PAR: 






» 


i|ilo|o|o|o|o|o 





1 


LEAST SIGNIFICANT BYTE OF THE 
RECEIVE BUFFER LENGTH (BO) 





1 


MOST SIGNIFICANT BYTE OF RECEIVE 
BUFFER LENGTH (B1) 



Ai Ao D7 De D5 D4 D3 D2 Di Do 









i|i|o]o|o|o|o|i 





1 


LEAST SIGNIFICANT BYTE OF THE 
RECEIVE BUFFER LENGTH (BO) 





1 


MOST SIGNIFICANT BYTE OF RECEIVE 
BUFFER LENGTH (B1) 





1 


RECEIVE FRAME ADDRESS MATCH 
FIELD ONE (AI) 





1 


RECEIVE FRAME ADDRESS MATCH 
FIELD TWO (A2) 



CMD: 
PAR: 
PAR: 

PAR: 
PAR: 



Selective receive is a receive mode in which frames are 
ignored unless the address field matches any one of two 
address fields given to the 8273 as parameters. ' 

When selective receive is used in HDLC the 8273 looks at 
the first character, if extended, software must then decide 
if the message is for this unit. 



Selective Loop Receive (CMD Code C2) 



Ai Ao D7 De D5 D4 D3 D2 Di Do 



CMD: 
PAR: 
PAR: 
PAR: 
PAR: 









i]i|o|o|o|o|i|o 








LEAST SIGNIFICANT BYTE OF THE 
RECEIVE BUFFER LENGTH (BO) 





1 


MOST SIGNIFICANT BYTE OF RECEIVE 
BUFFER LENGTH (B1) 





1 


RECEIVE FRAME ADDRESS MATCH 
FIELD ONE (AI) 





1 


RECEIVE FRAME ADDRESS MATCH 
FIELD TWO (A2) 



NOTES: 

1. If buffered mode is specified, the RO* R1 receive frame length 
(result) Is the number of data bytes received. 

2. If non-buffered mode is specified, the RO, R1 receive frame 
length (result) is the number of data bytes received plus two 
(the count includes the address and control bytes). 

3. The frame check sequence (FCS) is not transferred to 
memory. 

4. Frames with less than 32 bits between flags are ignored (no 
interrupt generated) if the buffered mode is specified. 

5. In the non-buffered mode an interrupt is generated when a 
less than 32 bit frame is received, since data transfer requests 
have occurred. 

The 8273 receiver is always disabled when an Idle is received 
after a valid frame. The CPU module must issue a receive 
command to re-enable the receiver. 

The intervening ABORT character between a final flag and an 
IDLE does not generate an interrupt. 

If an ABORT Character is not preceded by a flag and is fol- 
lowed by an IDLE, an interrupt will be generated for the ABORT 
followed by an IDLE interrupt one character time later. The 
reception of an ABORT will disable the receiver. 



6. 



8. 



Selective loop receive operates like selective receive ex- 
cept that the transmitter is placed in flag stream mode 
automatically after detecting an EOP (01111111) following 
a valid received frame. The one bit delay mode is also 
reset at the end of a selective loop receive. 



Receive Disable (CMD Code C5) 

Terminates an active receive command immediately. 



Ai Ao D7 De D5 D4 D3 D2 Di Do 
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Transmit Commands 

The 8273 supports three transmit commands: Transmit 
Frame, Loop Transmit, Transmit Transparent. 

Transmit Frame (CMD Code C8) 



Ai Ao D7 De D5 D4 D3 D2 Di Do 



CMD; 
PAR 



PAR 
PAR 









i|i|o|o|i|o|o|o 





1 


LEAST SIGNIFICANT BYTE OF 
FRAME LENGTH (LO) 





1 


MOST SIGNIFICANT BYTE OF 
FRAME LENGTH (LI) 





1 


ADDRESS FIELD OF TRANSMIT FRAME (A) 





1 


CONTROL FIELD OF TRANSMIT FRAME (C) 



Transmits one frame including: initial flag, frame check 
sequence, and the final flag. 

If the buffered mode is specified, the LO, LI, frame length 
provided as a parameter is the length of the information 
field and the address and control fields must be input. 
I n unbuffered mode the frame length provided must be the 
length of the information field plus two and the address 
and control fields must be the first two bytes of data. Thus 
only the frame length bytes are required as parameters. 

Loop Transmit (CIVID Code CA) 





Ai 


Ao 


D7 De D5 D4 D3 D2 Di Do 


CMD: 








i|i|o|o|i{oji|o 


PAR: 





1 


LEAST SIGNIFICANT BYTE OF 
FRAME LENGTH (LO) 


PAR: 





1 


MOST SIGNIFICANT BYTE OF 
FRAME LENGTH (LI) 


PAR: 





1 


ADDRESS FIELD OF TRANSMIT FRAME ^a) 


PAR: 





1 


CONTROL FIELD OF TRANSMIT FRAME (c) 



Transmits one frame in the same manner as the transmit 
frame command except: 

1. This command should be given only in one-bit delay 
mode. 

2. If the flag stream mode is not active transmission will 
begin after a received EOP has been converted to a 
flag. 

3. If the flag stream mode is active transmission will 
begin at the next flag boundary for buffered mode or at 
the third flag boundary for non-buffered mode. 

4. At the end of a loop transmit the one-bit delay mode is 
entered and the flag stream mode is reset. 



Transmit Transparent (CMD Coded C9) 

Ai Ao D7 De D5 D4 D3 D2 Di Do 



CMD: 








1 1 1 1 1 I 1 1 1 1 1 


PAR: 





1 


LEAST SIGNIFICANT BYTE OF 
FRAME LENGTH (LO) 


PAR: 





1 


MOST SIGNIFICANT BYTE OF 
FRAME LENGTH (LI) 



The 8273 will transmit a block of raw data without 
protocol, i.e., no zero bit insertion, flags, or frame check 
sequences. 

Abort Transmit Commands 

An abort command is supported for each type of transmit 
command. The abort commands are ignored if a transmit 
command is not in progress. 

Abort Transmit Frame (CMD Code CC) 

Ai Ao D7 De D5 D4 Da D2 Di Do 



un 



1 1 



CMD: I I 
PAR: NONE 



After an abort character (eight contiguous ones) is trans- 
mitted, the transmitter reverts to sending flags or idles as a 
function of the flag stream mode specified. 

Abort Loop Transmit (CMD Code CE) 

Ai Ao D7 De D5 D4 D3 D2 Di Do 



PAR: NONE 

After a flag is transmitted the transmitter reverts to one bit 
delay mode. 

Abort Transmit Transparent (CMD Code CD) 

Ai Ao D7 De D5 D4 D3 D2 Di Do 



PAR: NONE 



The transmitter reverts to sending flags or idles as a func- 
tion of the flag stream mode specified. 
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Modem Control Commands 

The modem control commands are used to manipulate the 
modem control ports. 

When read Port A or Port B commands are executed the 
result of the command is returned in the result register. 
The Bit Set Port B command requires a parameter that is a 
mask that corresponds to the bits to be set. The Bit Reset 
Port B command requires a mask that has a zero in the bit 
positions that are to be reset. 

Read Port A (CMD Code 22) 

Ai Ao D7 De D5 D4 D3 D2 Di Do 
CMD: |o|o|o|oIl|o|o|oll|o 1 



PAR: NONE 



Read Port B (CMD Code 23) 



Al 


Ao 


Dy 


De 


D5 


D4 


D3 


D2 


Dl 


Do 














1 











1 


1 



PAR: NONE 

Set Port B Bits (CMD Code A3) 

This command allows user defined Port B pins to be set. 

Ai Ao D7 Dg D5 D4 D3 D2 Di Do 
CMD: 
PAR: 

' I RTS - REQUEST TO SEND 



10 10 
10 



USER DEFINED 



(Ds) Flag Detect , '' /'h , 

This bit can be used to set the flag detect pin. How#v#,|t 
will be reset when the next flag is detected. ^::: 

(D4-D1) User Defined Outputs 

These bits correspond to the state of the PB4-PB1 output 
pins. 

(Do) Request to Send 

This is a dedicated 8273 modem control signal, and 
reflects the same logical state of RTS pin. 

Reset Port B Bits (CMD Code 63) 

This command allows Port B user defined bits to be reset. 





Ai 


Ao 


D7 


De 


D5 


D4 


D3 


D2 


Di 


Do 






CMD: 











1 


1 











1 


1 






PAR: 





1 


1 


1 




























F 




1 










1 R TS - 
USER DEFINED 


- REQUEST TO SEND 




LAG DETECT 





This command allows Port B (D4-D1) user defined bits to 
be reset. These bits correspond to Output Port pins (PB4- 
PBi). 



FLAG DETECT 



8273 Command Summary 



Command Description 


Command 
(HEX) 


Parameter 


Results 


Result 
Port 


Completion 
Interrupt 


Set One Bit Delay 


A4 


Set Mask 


None 


_ 


No 


Reset One Bit Delay 


64 


Reset Mask 


None 


__ 


No 


Set Data Transfer Mode 


97 


Set Mask 


None 


— 


No 


Reset Data Transfer Mode 


57 


Reset Mask 


None 


- 


No 


Set Operating Mode 


91 


Set Mask 


None 


- 


No 


Reset Operating Mode 


51 


Reset Mask 


None 


— 


No 


Set Serial I/O Mode 


AO 


Set Mask 


None 


- 


No 


Reset Serial I/O Mode 


60 


Reset Mask 


None 


- 


No 


General Receive 


CO 


B0,B1 


RIC,R0,R1,(A,C)<2) 


RXI/R 


Yes 


Selective Receive 


01 


B0,B1,A1,A2 


RIC,R0,R1,{A,Cp 


RXI/R 


Yes 


Selective Loop Receive 


02 


B0,B1,A1,A2 


RIC,R0,R1,(A,Cf) 


RXI/R 


Yes 


Receive Disable 


05 


None 


None 


- 


No 


Transmit Frame 


08 


L0,L1,(A,C)(^) 


TIC 


TXI/R 


Yes 


Loop Transmit 


OA 


L0,L1,(A,C)<^) 


TIC 


TXI/R 


Yes 


Transmit Transparent 


09 


L0.L1 


TIC 


TXI/R 


Yes 


Abort Transmit Frame 


CO 


None 


TIC 


TXI/R 


Yes 


Abort Loop Transmit 


CE 


None 


TIC 


TXI/R 


Yes 


Abort Transmit Transparent 


CD 


None 


TIC 


TXI/R 


Yes 


Read Port A 


22 


None 


Port Value 


Result 


No 


Read Port B 


23 


None 


Port Value 


Result 


No 


Set Port B Bit 


A3 


Set Mask 


None 


- 


No 


Reset Port B Bit 


63 


Reset Mask 


None 


- 


No 



Notes: 1. Issued only when in buffered mode. 2. Read as results only In buffered mode. 
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8273 Command Summary Key 

BO — Least significant byte of the receive buffer 

length. 
B1 — Most significant byte of the receive buffer 

length. 
LO — Least significant byte of the Tx frame length. 
L1 — Most significant byte of the Tx frame length. 
A1 — Receive frame address match field one. 
A2 — Receive frame address match field two. 
A — Address field of received frame. If non-buffered 

mode is specified, this result is not provided. 
C — Control field of received frame. If non-buffered 

mode is specified this result is not provided. 
RXI/R — Receive interrupt result register. 
TXl/R — Transmit interrupt result register. 
RO — Least significant byte of the length of the frame 

received. 
R1 — Most significant byte of the length of the frame 

received. 
RIC — Receiver interrupt result code. 
TIC — Transmitter interrupt result code. 



GENERAL 
RECEIVE 



IDLE 

OR 

FLAG 


IDLE 

OR 

FLAG 


FLAG 


A 


C 


'l 


FCS^ 


FCS2 


FLAG 


FLAG 

OR 

ABORT 


FLAG 
OR 
IDLE 


FLAG 
OR 
IDLE 



DMA REQUESTS 

OR 
DATA INTERRUPTS 



t- t- t. 



NON-BUFFERED MODE 



CPU INTERRUPTS 



FRAME 
COMPLETE 



I POSSIBLE 
IDLE INTERRUPT 



Figure 12. Typical Frame Reception 
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FRAME 



8273 



IDLE 


IDLE 




















IDLE 


OR 


OR 


FLAG 


A 


C 


'l 


'2 


'3 


FCS, 


FCS2 


FLAG 


OR 


FLAG 


FLAG 




















FLAG 



DATA REQUESTS 

OR 
DATA INTERRUPTS ' 



CPU INTERRUPTS 



t- t^ t'- t'- t' 



NON-BUFFERED MODE 



TRANSMISSION 

COMPLETE 

INTERRUPT 



" EARLY Tx INTERRUPT 



Figure 13. Typical Frame Transmission 



MEMORIES 



7S 



I 



DBo_7 
MEMR 

low 

MEMW 

lOR 

CS 

HRQ 

HACK 



8257 

DMA 

CONTROLLER 



TxDRQ 



TxDACK 



RxDRQ 



SYSTEM BUS 



7^ 



Aq, a^ 

DBo-7 

RD 

WR 

CS 

TXINT 

RXINT 



X> 



8273 



TXD 



C 



MODEM CONTROLS 



^ 



MODEM 




Figure 14. 8273 System Diagram 
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ABSOLUTE MAXIMUM RATINGS* 

AmbientTemperature Under Bias -. 0°Cto70°C 

Storage Temperature -65° C to +1 50° C 

Voltage on Any Pin With 

Respect to Ground -0.5Vto+7V 

Power Dissipation 1 Watt 



*COMMENT: Stresses above those listed under "'AbsotvtB 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functionai 
operation of the device at these or any other conditions 
above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may 
affect device reliability. 



D.C. CHARACTERISTICS 

Ta = 0°C to 70° C, Vcc = +5.0V ±5% 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


V,L 


Input Low Voltage 


-0.5 


0.8 


V 




V,H 


Input High Voltage 


2.0 


Vcc + 0.5 


V 




Vol 


Output Low Voltage 




0.45 


V 


loL= 2.0 mA for Data Bus pins 
loL= 1-7 mA for all other pins 


VOH 


Output High Voltage 


2.4 




V 


loH= -200mA 


IlL 


Input Load Current 




±10 


/.A 


V|N = VcctoOV 


ioz 


Off-State Output Current 




±10 


mA 


VouT=VcctoOV 


ice 


Vcc Supply Current 




180 


mA 





CAPACITANCE 

Ta = 25°C; Vcc = GND = OV 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


CiN 


Input Capacitance 






10 


pF 


tc = 1MHz 


Ci/0 


I/O Capacitance 






20 


PF 


Unmeasured Pins 
Returned to GND 
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A.C. CHARACTERISTICS TA = oxto70*'C, Vcc= +5.ov ±5% 
Read Cycle 


Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


tAC 


Select Setup to RD 







ns 


Notes 


tcA 


Select Hold from RD 







ns 


Note 3 


tRR 


RD Pulse Width 







ns 




tAD 


Data Delay from Address 




250 


ns 


Note 3 


tpD 


Data Delay from RD 




150 


ns 


Cl=150pF, Note3 


tDF 


Output Float Delay 


20 


100 


ns 


Cl = 20 pF for Minimum; 
150 pF for Maximum 


toe 


DACK Setup to RD 


25 




ns 




tcD 


DACK Hold from RD 


25 




ns 




tKD 


Data Delay from DACK 




250 


ns 




Write Cycle 


Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


tAC 


Select Setup to WR 







ns 




tCA 


Select Hold from WR 







ns 




tww 


WR Pulse Width 


250 




ns 




^DW 


Data Setup to WR 


150 




ns 




twD 


Data Hold from WR 







ns 




^DC 


DACK Setup to WR 


25 




ns 




tcD 


DACK Hold from WR 


25 




ns 




DMA 


Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


tCQ 


Request Hold from WR or RD (for Non-Burst Mode) 




150 


ns 




Other Timing 


Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


tpSTW 


Reset Pulse Width 


10 




tcY 




tr 


Input Signal Rise Time 




20 


ns 




tf 


Input Signal Fall Time 




20 


ns 




tpSTS 


Reset to First lOWR 


2 




tCY 




tcY 


Clock 


250 




ns 


Note 2 


tcL 


Clock Low 


110 




ns 




tcH 


Clock High 


122 




ns 




toCL 


Data Clock Low 


200 




ns 




^DCH 


Data Clock High 


200 




ns 




^DCY 


Data Clock 


15625 




ns 


Note 2 


tjD 


Transmit Data Delay 




100 


ns 




tDS 


Data Setup Time 


100 




ns 




tDH 


Data Hold Time 







ns 




^DPLL 


DPLL Output Low 


200 




ns 




tpLD 


FLAG DET Output Low 


8tcY:^50 




ns 





NOTES: 

1. All timing measurements are made at the reference voltages unless otherwise specified: Input "1" at 2.0V, "0" at 0.8V 

Output "1" at 2.0V, "0" at 0.8V 

2. 64K baud maximum operating rate. 

3- ^AD' *RD' *AC> 2i"d *CA S""® "O* concurrent specs. 
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WAVEFORMS 
Read Waveforms 



DACK 
Ao, A,, CS 

RD 



X 



^. 



/ 



-^DF H 



Write Waveforms 



z>: 



5E: 



^ 



\ 



X 



?- 



DMA Waveforms 



y 



"V 



x 



■\. 



J >^ 



r 
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Transmit Data Waveforms 



\ 



X 



\ 



X 



Receive Data Waveforms 



\ 



X 



X 



\ 



DPLL Output Waveform 



Flag Detect Output Waveform 



vy 



^DPLL 



\ / 



-tpLD ► 
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8275 
PROGRAMMABLE CRT CONTROLLER 



Programmable Screen and Character 
Format 

6 Independent Visual Field Attributes 

11 Visual Character Attributes 
(Graphic Capability) 

Cursor Control (4 Types) 

Light Pen Detection and Registers 



■ Fully MCS-80^^ and MCS-85^^ 
Compatible 

■ Dual Row Buffers 

■ Programmable DMA Burst Mode 

■ Single + 5V Supply 

■ 40-Pin Package 



The Intel® 8275 Programmable CRT Controller Is a single chip device to interface CRT raster scan displays with 
Intel® nrilcrocomputer systems. Its primary function Is to refresh the display by buffering the information from main 
memory and keeping track of the display position of the screen. The flexibility designed Into the 8275 will allow simple 
interface to almost any raster scan CRT display with a minimum of external hardware and software overhead. 



PIN CONFIGURATION 



BLOCK DIAGRAM 



LC3C 

LC2 C 
LCiC 3 
LCo C 4 
DRQ C 5 
DACK C 6 
HRTC C 7 
VRTC C 8 
RDC 9 
WR C 10 
LPEN C 11 
DBo C 12 
DBi C 13 
DB2 C 14 
DB3 C 15 
DB4 C 16 
DB5C 17 
DB6 C 18 
DB7 C 19 
GMD C 20 



8275 



=IVcc 

DLAo 

DLAi 

DLTEN 

3RVV 

3 vsp 

DGPAi 

DGPAo 

DHLGT 

DIRQ 

DCCLK 

DCC6 

DCC5 

DCC4 

3CC3 

ICC2 

DCCi 

DCCo 

3C§" 

DAo 



PIN NAMES 



DBo-7 C) 



DATA 

BUS 

BUFFER 



O 




DBo_1 


BI-DIRECTIONAL DATA BUS 


LCo-3 


LINE COUNTER OUTPUTS 


DRQ 


DMA REQUEST OUTPUT 


LAo-1 


LINE ATTRIBUTE OUTPUTS 


DACK 


DMA ACKNOWLEDGE INPUT 


HRTC 


HORIZONTAL RETRACE OUTPUT 


IRQ 


INTERRUPT REQUEST OUTPUT 


VRTC 


VERTICAL RETRACE OUTPUT 


m 


READ STROBE INPUT 


HLGT 


HIGHLIGHT OUTPUT 


WR 


WRITE STROBE INPUT 


RVV 


REVERSE VIDEO OUTPUT 


AO 


REGISTER ADDRESS INPUT 


LTEN 


LIGHT ENABLE OUTPUT 


CS 


CHIP SELECT INPUT 


VSP 


VIDEO SUPPRESS OUTPUT 


CCLK 


CHARACTER CLOCK INPUT 


GPAo-1 


GENERAL PURPOSE ATTRIBUTE OUTPUTS 


CCO-6 


CHARACTER CODE OUTPUTS 


LPEN 


LIGHT PEN INPUT 



c:> 



CHARACTER 
COUNTER 



H 



BUFFER 

INPUT 

CONTROL 

LER 



IT 



BUFFER 
OUTPUT 
CONTROL- 
LER^ 



vrn 



_(2)^ 16X^7 
FIFOs 



C=) 



IZ> «-Ao_i 



RASTER TIMING 

AND 
VIDEO CONTROL 



HRTC 
VRTC 
HLGT 
RVV 
LTEN 
VSP 
> GPAo_i 



a> 
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PIN DESCRIPTIONS 

Pin # Pin Name I/O 



Pin Description 



Pin # Pin Name I/O 



LC3 

LC2 
LCi 
LCo 
DRQ 

DACK 



HRTC 



VRTC 



9 RD I 

10 WR I 



LPEN 



12 


DBo 


13 


DBi 


14 


DB2 


15 


DB3 


16 


DB4 


17 


DB5 


18 


DBe 


19 


DB7 


20 


Ground 



I/O 



Line count. Output from the line count- 
er which is used to address the character 
generator for the line positions on the 
screen. 

DMA request. Output signal to the 8257 
DMA controller requesting a DMA cycle. 

DMA acknowledge. Input signal from 
the 8257 DMA controller acknowledging 
that the requested DMA cycle has been 
granted. 

Horizontal retrace. Output signal which 
is active during the programmed hori- 
zonta' retrace interval. During this peri- 
od the VSP output is high and the 
LTEN output is low. 

Vertical retrace. Output signal which is 
active during the programmed vertical 
retrace interval. During this period the 
VSP output is high and the L'^EN out- 
put is low. 

Read input. A control signal to read 
registers. 

Write input. A control signal to write 
commands into the control registers or 
write data into the row buffers during a 
DMA cycle. 

Light pen. Input signal from the CRT 
system signifying that a light pen signal 
has been detected. 

Bi-directional three-state data bus lines. 
1 he outputs are enabled during a read of 
the C or P ports. 



Pin Description 
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CC5 
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CC4 
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CC3 
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CC2 




24 
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CCi 
CCo 




22 


cs 


1 



21 Ao 



+5V power supply 

Line attribute codes. These attribute 
codes have to be decoded externally by 
the dot/timing logic to generate the 
horizontal and vertical line combinations 
for the graphic displays specified by the 
character attribute codes. 

Light enable. Output signal used to 
enable the video signal to the CRT. This 
output is active at the programmed 
underline cursor position, and at posi- 
tions specified by attribute codes. 

Reverse video. Output signal used to 
indicate the CRT circuitry to reverse the 
video signal. This output is active at the 
cursor position if a reverse video block 
cursor is programmed or at the positions 
specified by the field attribute codes. 

Video suppression. Output signal used to 
blank the video signal to the CRT. This 
output is active: 

— during the horizontal and vertical re- 
trace intervals. 

— at the top and bottom lines of rows if 
underline is programmed to be number 
8 or greater. 

— when an end of row or end of screen 
code is detected. 

— When a DMA underrun occurs. 

— at regular intervals (1/16 frame fre- 
quency for cursor, 1/32 frame fre- 
quency for character and field attri- 
butes) — to create blinking displays 
as specified by cursor, character attri- 
bute, or field attribute programming. 

General purpose attribute codes. Out- 
puts which are enabled by the general 
purpose field attribute codes. 

Highlight. Output signal used to intensi- 
fy the display at particular positions on 
the screen as specified by the character 
attribute codes or field attribute codes. 

Interrupt request. 

Character clock (from dot/timing logic). 

Character codes. Output from the row 
buffers used for character selection in 
the character generator. 



Chip select. The read and write are en- 
abled by CS. 

Port address. A high input on Aq selects 
the "C" port or command registers and a 
low input selects the "P" port or param- 
eter registers. 
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FUNCTIONAL DESCRIPTION 

Data Bus Buffer 

This 3-state, bidirectional, 8-bit buffer is used to interface 
the 8275 to the system Data Bus. 

This functional block accepts inputs from the System Con- 
trol Bus and generates control signals for overall device 
operation. It contains the Command, Parameter, and Status 
Registers that store the various control formats for the 
device functional definition. 



Ao 


OPERATION 


REGISTER 





Read 


PREG 





Write 


PREG 


1 


Read 


SREG 


1 


Write 


CREG 



RD (Read) 

A "low" on this input informs the 8275 that the CPU is 
reading data or status information from the 8275. 

WR (Write) 

A "low" on this input informs the 8275 that the CPU is 
writing data or control words to the 8275. 

CS (Chip Select) 

A "low" on this input selects the 8275. No reading or writ- 
ing will occur unless the device is selected. Whe n CS is high, 
the Data Bus in the float state and RD and WR will have no 
effect on the chip. 

DRQ (DIVIA Request) 

A "high" on this output informs the DMA Controller that 
the 8275 desires a DMA transfer. 



DACK (DIMA Acknowledge) 

A "low" on this input informs the 8275 that a DMA cycle 
is in progress. 

IRQ (Interrupt Request) 

A "high" on this output informs the CPU that the 8275 
desires interrupt service. 
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Figure 1. 8275 Block Diagram Showing Data Bus Buffer 
and Read/Write Functions 
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Character Countor 

The Character Counter is a programmable counter that is 
used to determine the number of characters to be displayed 
per row and the length of the horizontal retrace interval. It 
is driven by the CCLK (Character Clock) input, which 
should be a derivative of the external dot clock. 

Line Counter 

The Line Counter is a programmable counter that is used to 
determine the number of horizontal lines (Sweeps) per 
character row. Its outputs are used to address the external 
character generator ROM. 

Row Counter 

The Row Counter is a programmable counter that is used to 
determine the number of character rows to be displayed per 
frame and length of the vertical retrace interval. 

Light Pen Registers 

The Light Pen Registers are two registers that store the con- 
tents of the character counter and the row counter when- 
ever there is a rising edge on the LPEN (Light Pen) input. 

Note: Software correction is required. 

Raster Timing and Video Controls 

The Raster Timing circuitry controls the timing of the 
HRTC (Horizontal Retrace) and VRTC (Vertical Retrace) 
outputs. The Video Control circuitry controls the genera- 
tion of LAo_i (Line Attribute), HGLT (Highlight), RVV 
(Reverse Video), LTEN (Light Enable), VSP (Video Sup- 
press), and GPAq-i (General Purpose Attribute) outputs. 

Row Buffers 

The Row Buffers are two 80 character buffers. They are 
filled from the microcomputer system memory with the 
character codes to be displayed. While one row buffer is 
displaying a row of characters, the other is being filled with 
the next row of characters. 
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Figure 2. 8275 Block Diagram Showing Counter and 
Register Functions 

FIFOs 

There are two 16 character FIFOs in the 8275. They are 
used to provide extra row buffer length in the Transparent 
Attribute Mode (see Detailed Operation section). 

Buffer input/Output Controllers 

The Buffer Input/Output Controllers decode the characters 
being placed in the row buffers. If the character is a charac- 
ter attribute, field attribute or special code, these con- 
trollers control the appropriate action. (Examples: An 
"End of Screen— Stop DMA" special code will cause the 
Buffer Input Controller to stop further DMA requests. A 
"Highlight" field attribute will cause the Buffer Output 
Controller to activate the HGLT output.) 
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SYSTEM OPERATION 



The 8275 is programmable to a large number of different 
display formats. It provides raster timing, display row buf- 
fering, visual attribute decoding, cursor timing, and light 
pen detection. 



It is designed to interface with the 8257 DMA Controller 
and standard character generator ROMs for dot matrix 
decoding. Dot level timing must be provided by external 
circuitry. 
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Figure 3. 8275 Systems Block Diagram Showing Systems Operation 
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General Systems Operational Description 



The 8275 provides a 
system memory. 



'window" into the microcomputer 



Display characters are retrieved from memory and dis- 
played on a row by row basis. The 8275 has two row buf- 
fers. While one row buffer is being used for display, the 
other is being filled with the next row of characters to be 
displayed. The number of display characters per row and 
the number of character rows per frame are software pro- 
grammable, providing easy interface to most CRT displays. 
(See Programming Section.) 

The 8275 requests DMA to fill the row buffer that is not 
being used for display. DMA burst length and spacing is 
programmable. (See Programming Section.) 

The 8275 displays character rows one line at a time. 



The number of lines per character row, thbM(^r[\r\e posi- 
tion, and blanking of top and bottom lin^s aM^^FOgram- 
mable. (See Programming Section.) ^^ -"/';' 

The 8275 provides special Control Codes which Can b6use(^;i 
to minimize DMA or software overhead. It also provides , 
Visual Attribute Codes to cause special action or symbols 
on the screen without the use of the character generator 
(see Visual Attributes Section). 

The 8275 also controls raster timing. This is done by gen- 
erating Horizontal Retrace (HRTC) and Vertical Retrace 
(VRTC) signals. The timing of these signals is program- 
mable. 

The 8275 can generate a cursor. Cursor location and format 
are programmable. (See Programming Section.) 

The 8275 has a light pen input and registers. The light pen 
input is used to load the registers. Light pen registers can be 
read on command. (See Programming Section.) 
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Figure 4. Display off a Character Row 
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Display Row Buffering 

Before the start of a frame, the 8275 requests DMA and 
one row buffer is filled with characters. 



After all the lines of the character row are scanned, the 
roles of the two row buffers are reversed and tb« same 
procedure is followed for the next row. 
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Figure 5. First Row Buffer Filled 

When the first horizontal sweep is started, character codes 
are output to the character generator from the row buffer 
just filled. Simultaneously, DMA begins filling the other 
row buffer with, the next row of characters. 
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Figure 7. First Buffer Filled with Third Row, 
Second Row Displayed 



This is repeated until all of the character rows are dis- 
played. 



Figure 6. Second Buffer Filled, First Row Displayed 
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Display Format 



Screen Format 



The 8275 can be programmed to generate from 1 to 80 
characters per row, and from 1 to 64 rows per frame. 




Figure 8. Screen Format 



The 8275 can also be programmed to blank alternate rows. 
In this mode, the first row is displayed, the second blanked, 
the third displayed, etc. DMA is not requested for the 
blanked rows. 




Row Format 

The 8275 is designed to hold the line count stable while 
outputting the appropriate character codes during each 
horizontal sweep. The line count is incremented during 
horizontal retrace and the whole row of character codes are 
output again during the next sweep. This is continued until 
the whole character row is displayed. 

The number of lines (horizontal sweeps) per character row 
is programmable from 1 to 16. 

The output of the line counter can be programmed to be in 
one of two modes. 

In mode 0, the output of the line counter is the same as the 
Wue number. 

In mode 1, the line counter is offset by one from the line 
number. 

Note: In mode 1, while the first line (line number 0) is being dis- 
played, the last count is output by the line counter (see 
examples). 
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Figure 9. Blanic Alternate Rows (Mode 



Figure 11. Example of a 10-Line Format 



Mode is useful for character generators that leave address 
zero blank and start at address 1. Mode 1 is useful for char- 
acter generators which start at address zero. 
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Underline placement is also programmable (from line num- 
ber to 15). This is independent of the line counter mode. 

If the line number of the underline is greater than 7 (line 
number MSB = 1), then the top and bottom lines will be 
blanked. 
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Figure 12. Underline in Line Number 10 



If the line number of the underline is less than or equal to 7 
(line number MSB = 0), then the top and bottom lines will 
not be blanked. 
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Figure 13. Underline in Line Number 7 



If the line number of the underline is greater than the maxi- 
mum number of lines, the underline will not appear. 

Blanking is accomplished by the VSP (Video Suppression) 
signal. Underline is accomplished by the LTEN (Light 
Enable) signal. 



Dot Format 

Dot width and character width are dependent upon ^0i, 
external timing and control circuitry. 

Dot level timing circuitry should be designed to accept the 
parallel output of the character generator and shift it out 
serially at the rate required by the CRT display. 
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Figure 14. Typical Dot Level Block Diagram 



Dot width is a function of dot clock frequency. 

Character width Is a function of the character generator 
width. 

Horizontal character spacing is a function of the shift 
register length. 

Note: Video control and timing signals must be synchronized with 
the video signal due to the character generator access delay. 
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Raster Timing 

The character counter is driven by the character clock input 
(CCLK). It counts out the characters being displayed 
(programmable from 1 to 80). It then causes the line 
counter to increment, and it starts counting out the hori- 
zontal retrace interval (programmable from 2 to 32). This 
is constantly repeated. 



The row counter is an internal counter driven by the line 
counter. It controls the functions of the row buffers and 
counts the number of character rows displayed., 
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Figure 16. Row Timing 



After the row counter counts all of the rows in a frame 
(programmable from 1 to 64), it starts counting out the 
vertical retrace interval (programmable from 1 to 4). 



Figure 15. Line Timing 



The line counter is driven by the character counter. It is 
used to generate the line address outputs (LCq^) for the 
character generator. After it counts all of the lines in a 
character row (programmable from 1 to 16), it increments 
the row counter, and starts over again. (See Character For- 
mat Section for detailed description of Line Counter 
functions.) 
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Figure 17. Frame Timing 



The Video Suppression Output (VSP) is active during 
horizontal and vertical retrace intervals. 

Dot level timing circuitry must synchronize these outputs 
with the video signal to the CRT Display. 
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DMA Timing 

The 8275 can be programmed to request burst DMA trans- 
fers of 1 to 8 characters. The interval between bursts is also 
programmable (from to 55 character clock periods ±1). 
This allows the user to tailor his DMA overhead to fit his 
system needs. 



Interrupt Timing 

The 8275 can be programmed to generate an interrupt 
request at the end of each frame. This can be used to 
reinitialize the DMA controller. If the 8275 interrupt 
enable flag is set, an interrupt request will occur at the 
beginning of the last display row. 



The first DMA request of the frame occurs one row time 
before the end of vertical retrace. DMA requests continue 
as programmed, until the row buffer is filled. If the row 
buffer is filled in the middle of a burst, the 8275 terminates 
the burst and resets the burst counter. No more DMA 
requests will occur until the beginning of the next row. 
At that time, DMA requests are activated as programmed 
until the other buffer is filled. 



if, for any reason, there is a DMA underrun, a flag in the 
status word will be set. 



liDOOoocx: 



/ 



f 



Figure 19. Beginning of Interrupt Request 
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IRQ will go inactive after the status register is read. 



\ 



Figure 20. End of Interrupt Request 



Figure 18. DMA Timing 



A reset command will also cause IRQ to go inactive, but 
this is not recommended during normal service. 

Another method of reinitializing the DMA controller is to 
have the DMA controller itself interrupt on terminal count. 
With this method, the 8275 interrupt enable flag should not 
be set. 



The DMA controller is typically initialized for the next 
frame at the end of the current frame. 



Note: Upon power-up, the 8275 Interrupt Enable Flag may be set. 
As a result, the user's cold start routine should write a reset 
command to the 8275 before system interrupts are enabled. 
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VISUAL ATTRIBUTES AND SPECIAL 
CODES 



The characters processed by the 8275 are 8-bit quantities. 
The character code outputs provide the character generator 
with 7 bits of address. The Most Significant Bit is the extra 
bit and it is used to determine if it is a normal display 
character (MSB = 0), or if it is a Visual Attribute or Special 
Code (MSB =1). 

There are two types of Visual Attribute Codes. They are 
Character Attributes and Field Attributes. 



Character Attribute Codes 

Character attribute codes are codes that can be used to gen- 
erate graphics symbols without the use of a character 
generator. This is accomplished by selectively activating the 
Line Attribute outputs (LAo_i), the Video Suppression 
output (VSP), and the Light Enable output. The dot level 
timing circuitry can use these signals to generate the proper 
symbols. 

Character attributes can be programmed to blink or be 
highlighted individually. Blinking is accomplished with the 
Video Suppression output (VSP). Blink frequency is equal 
to the screen refresh frequency divided by 32. Highlighting 
is accomplished by activating the Highlight output (HGLT). 

Character Attributes 



MSB 
1 1 



LSB 
C C C C B H 



L 



HIGHLIGHT 

BLINK 

CHARACTER ATTRIBUTE CODE 



HORIZ. RIGHT 



VSP 
LTEN 
HGLT 




HORIZ. LEFT HALF 




Figure 21. Typical Character Attribute Logic 
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Character attributes were designed to produce the following graphics: 



CHARACTER ATTRIBUTE 
CODE 'XCCC" 


OUTPUTS 


0\/fti 


■ n/^i 


DESCRIPTION 


LAi 


LAo 


VSP 


LTEN 




0000 


Above Underline 








1 





1 


Top Left Corner 


Underline 


1 











Below Underline 





1 








0001 


Above Underlihe 








1 





1 


Top Right Corner 


Underline 


1 


1 








Below Underline 





1 








0010 


Above Underline 





1 








1 


Bottom Left Corner 


Underline 


1 











Below Underline 








1 





0011 


Above Underline 





1 








-J 


Bottom Right Corner 


Underline 


1 


1 








Below Underline 








1 





0100 


Above Underline 








1 







Top Intersect 


Underline 











1 


1 


Below Underline 





1 








0101 


Above Underline 





1 












Right Intersect 


Underline 


1 


1 








Below Underline 





1 












0110 


Above Underline 





1 












Left Intersect 


Underline 


1 

















Below Underline 





1 












0111 


Above Underline 





1 








1 


Bottom Intersect 


Underline 











1 




Below Underline 








1 





1000 


Above Underline 








1 







Horizontal Line 


Underline 











1 




Below Underline 








1 





1001 


Above Underline 





1 












Vertical Line 


Underline 





1 












Below Underline 





1 












1010 


Above Underline 





1 












Crossed Lines 


Underline 











1 






Below Underline 





1 












1011 


Above Underline 
















Not Recommended * 


Underline 














Below Underline 














1100 


Above Underline 








1 







Special Codes 


Underline 








1 





Below Underline 








1 





1101 


Above Underline 












Illegal 


Underline 




Undefined 




Below Underline 










1110 


Above Underline 












Illegal 


Underline 




Undefined 




Below Underline 








1111 


Above Underline 










Illegal 


Underline 




Undefined 




Below Underline 













^Character Attribute Code 1011 is not recommended for 
normal operation. Since none of the attribute outputs are 
active, the character Generator will not be disabled, and 
an indeterminate character will be generated. 



Character Attribute Codes 1101, 1 1 10, and 1 1 1 1 are illegal. 
Blinking is active when B = 1. 
Highlight is active when H = 1. 
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Special Codes 

Four special codes are available to help reduce memory, 
software, or DMA overhead. 

Special Control Character 



MSB 
1111 



LSB 
S S 



Field Attributes 

The field attributes are control codes which affect Ihe 
visual characteristics for a field of characters, starting at the 
character following the code up to, and including, the 
character which precedes the next field attribute code, or 
up to the end of the frame. The field attributes are reset 
during the vertical retrace interval. 



-SPECIAL CONTROL CODE 



S S 





1 

1 

1 1 



FUNCTION 



End of Row 

End of Row-Stop DMA 

End of Screen 

End of Screen-Stop DMA 



The End of Row Code (00) activates VSP and holds it to 
the end of the line. 

The End of Row-Stop DMA Code (01) causes the DMA 
Control Logic to stop DMA for the rest of the row when it 
is written into the Row Buffer. It affects the display in the 
same way as the End of Row Code (00). 

The End of Screen Code (10) activates VSP and holds it to 
the end of the frame. 

The End of Screen-Stop DMA Code (11) causes the DMA 
Control Logic to stop DMA for the rest of the frame when 
it is written into the Row Buffer. It affects the display in 
the same way as the End of Screen Code (10). 

If the Stop DMA feature is not used, all characters after an 
End of Row character are ignored, except for the End of 
Screen character, which operates normally. All characters 
after an End of Screen character are ignored. 



There are six field attributes: 

1. Blink — Characters following the code are caused 
to blink by activating the Video Suppression out- 
put (VSP). The blink frequency is equal to the 
screen refresh frequency divided by 32. 

2. Highlight — Characters following the code are 
caused to be highlighted by activating the High- 
light output (HGLT). 

3. Reverse Video — Characters following the code are 
caused to appear with reverse video by activating 
the Reverse Video output (RVV). 

4. Underline — Characters following the code are 
caused to be underlined by activating the Light 
Enable output (LTEN). 

5,6. General Purpose - There are two additional 8275 
outputs which act as general purpose, independ- 
ently programmable field attributes. GPAq_^ are 
active high outputs. 

Field Attribute Code 



MSB 
1 O U 



R G G 

T 



LSB 



-HIGHLIGHT 

-BLINK 

-GENERAL PURPOSE 

-REVERSE VIDEO 

-UNDERLINE 



Note: If a Stop DMA character is not the last character in a burst or 
row, DMA is not stopped until after the next character is 
read. In this situation, a dunnmy character must be placed in 
memory after the Stop DMA character. 



H = 1 FOR HIGHLIGHTING 
B = 1 FOR BLINKING 
R = 1 FOR REVERSE VIDEO 
U = 1 FOR UNDERLINE 
GG = GPA',,GPAo 
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The 8275 can be programmed to provide visible or invisible 
field attribute characters. 

If the 8275 is programmed in the visible field attribute 
mode, all field attributes will occupy a position on the 
screen. They will appear as blanks caused by activation of 
the Video Suppression output (VSP). The chosen visual 
attributes are activated after this blanked character. 




Each row buffer has a corresponding FfFO. Tliest FIFOs 
are 16 characters by 7 bits in size. 

When a field attribute Is placed in the row buffer during 
DMA, the buffer input controller recognizes it and places 
the next character in the proper FIFO. 

When a field attribute is placed in the Buffer Output Con- 
troller during display, it causes the controller to immedi- 
ately put a character from the FIFO on the Character Code 
outputs {CCo-6). The chosen Visual Attributes are also 
activated. 

Since the FIFO is 16 characters long, no more than 16 field 
attribute characters may be used per line In this mode. 
If more are used, a bit in the status word is set and the first 
characters in the FIFO are written over and lost. 

Note: Since the FIFO is 7 bits wide, the MSB of any characters put 
in it are stripped off. Therefore, a Visual Attribute or Special 
Code nnust not innmediately follow a field attribute code. If 
this situation does occur, the Visual Attribute or Special 
Code will be treated as a normal display character. 



Figure 22. Example of the Visible Field Attribute Mode 
(Underline Attribute) 



If the 8275 is programmed in the invisible field attribute 
mode, the 8275 FIFO is activated. 



DBo-7 CO 



DATA 

BUS 

BUFFER 



C=) 





CD 



N 



CHARACTER 
COUNTER 



_ J2)_80_X_8__ 
ROW BUFFERS 



BUFFER 

INPUT 

CONTROL 

LER 



mn 



BUFFER 
OUTPUT 
CONTROL- 
LER 



nrnr 



J21 16X^7 
FIFOs 



LINE 
COUNTER 



CO 



— •) l-Ao_i 



RASTER TIMING 

AND 
VIDEO CONTROL 



HRTC 
VRTC 
HLGT 
RVV 
LTEN 
VSP 
> GPAo_i 



« 



Figure 23. Block Diagram Showing FIFO Activation 
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NOP QRSTUV 
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Figure 24. Example of the Invisible Field Attribute 
Mode (Underline Attribute) 



Field and Character Attribute Interaction 

Character Attribute Symbols are affected by the Reverse 
Video (RRV) and General Purpose (GPAq-i) field attri- 
butes. They are not affected by Underline, Blink or High- 
light field attributes; however, these characteristics can be 
programmed individually for Character Attribute Symbols. 
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Cursor Timing 

The cursor location is determined by a cursor row register 
and a character position register which are loaded by com- 
mand to the controller. The cursor can be programmed to 
appear on the display as: 

1. a blinking underline 

2. a blinking reverse video block 

3. a non-blinking underline 

4. a non-blinking reverse video block 

The cursor blinking frequency is equal to the screen refresh 
frequency divided by 16. 

If a non-blinking reverse video cursor appears in a non- 
blinking reverse video field, the cursor will appear as a 
normal video block. 

If a non-blinking underline ct/rsor appears in a non-blinking 
underline field, the cursor will not be visible. 

Light Pen Detection 

A light pen consists of a micro switch and a tiny light 
sensor. When the light pen is pressed against the CRT screen, 
the micro switch enables the light sensor. When the raster 
sweep reaches the light sensor, it triggers the light pen 
output. 

If the output of the light pen is presented to the 8275 
LPEN input, the row and character position coordinates are 
stored in a pair of registers. These registers can be read on 
command. A bit in the status word is set, indicating that 
the light pen signal was detected. The LPEN input must be 
a to 1 transition for proper operation. 

Note: Due to internal and external delays, the character position 
coordinate will be off by at least three character positions. 
This has to be corrected in software. 



Device Programming 

The 8275 has two programming registers, the C6f5hiti$nd 
Register (CREG) and the Parameter Register (PREG). it 
also has a Status Register (SREG). The Command Register 
can only be written into and the Status Registers can only 
be read from. They are addressed as follows: 



Ao 


OPERATION 


REGISTER 





Read 


PREG 





Write 


PREG 


1 


Read 


SREG 


1 


Write 


CREG 



The 8275 expects to receive a command and a sequence 
of to 4 parameters, depending on the command. If the 
proper number of parameter bytes are not received before 
another command is given, a status flag is set, indicating an 
improper command. 

Instruction Set 

The 8275 instruction set consists of 8 commands. 



COMMAND 


NO. OF PARAMETER BYTES 


Reset 


4 


Start Display 





Stop Display 





Read Light Pen 


2 


Uoad Cursor 


2 


Enable Interrupt 





Disable Interrupt 





Preset Counters 






In addition, the status of the 8275 (SREG) can be read by 
the CPU at any time. 
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1. Reset Command: 





OPERATION 


AO 


DESCRIPTION 


MSB 


DATA BUS 

LSB 


Command 


Write 


1 


Reset Command 










Write 





Screen Comp 
Byte 1 


S H 


H H H H H H 


Parameters 


Write 





Screen Comp 
Byte 2 


V V 


R R R R R R 


Write 





Screen Comp 
Byte 3 


U U 


U U L L L L 




Write 





Screen Comp 
Byte 4 


M F 


c c z z z z 



Action — After the reset command is written, DMA re- 
quests stop, 8275 interrupts are disabled, and the VSP 
output is used to blank the screen. HRTC and VRTC con- 
tinue to run. HRTC and VRTC timing are random on 
power- up. 

As parameters are written, the screen composition is 
defined. 



Parameter ■ 
S 



S Spaced Rows 
FUNCTIONS 



Normal Rows 
Spaced Rows 



Parameter -- HHHHHHH Horizontal Characters/Row 

















NO. 


OF CHARACTERS 


H 


H 


H 


H 


H 


H 


H 




PER ROW 

























1 




















1 




2 

















1 







3 



1111 





80 
Undefined 



Parameter — UUUU Underline Placement 

LINE NUMBER OF 
UUUU UNDERLINE 




1 
10 



1111 



16 



Parameter — LLLL Number of Lines per Character Row 



L 


L L 


L 


NO. OF LINES/ROW 











1 








1 


2 





1 





3 


1 


1 1 


1 


16 



Parameter — M Line Counter Mode 



M 



LINE COUNTER MODE 



Mode (Non-Offset) 
Mode 1 (Offset by 1 Count) 



Parameter - 
F 



Field Attribute Mode 
FIELD ATTRIBUTE MODE 



Transparent 
Non-Transparent 



1111111 



Undefined 



Parameter - VV Vertical Retrace Row Count 



V 


V 


NO. 


OF ROW COUNTS PER VRTC 










1 





1 




2 


1 
1 




1 




3 
4 



Parameter - RRRRRR Vertical Rows/Frame 

R R R R R R NO. OF ROWS/FRAME 



Parameter — CC Cursor Format 



C C 





1 

1 

1 1 



CURSOR FORMAT 



Blinking reverse video block 
Blinking underline 
Nonblinking reverse video block 
Nonblinking underling 



Parameter — ZZZZ Horizontal Retrace Count 



z z z z 




1 
10 



NO. OF CHARACTER 
COUNTS PER HRTC 



32 



111111 



64 



Note: UUUU MSB determines blanking of top and bottom lines 
(1 = blanked, = not blanked). 
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2. Start Display Command: 



5. Load Cursor Position: 





OPERATION 


AO 


DESCRIPTION 


DATA BUS 
MSB LSB 


Command 


Write 


1 


Start Display 


1 S S S B B 


No parameters 













S S S BURST SPACE CODE 


s 


s 


S 


NO. OF CHARACTER CLOCKS 
BETWEEN DMA REQUESTS 




















1 


7 





1 





15 





1 


1 


23 


1 








31 


1 





1 


39 


1 


1 





47 


1 


1 


1 


55 



B B BURST COUNT CODE 


f 


NO 


OF DMA CYCLES PER 


B B 




BURST 







1 


1 




2 


1 




4 


1 1 




8 



Action — 8275 interrupts are enabled, DMA requests begin, 
video is enabled. Interrupt Enable and Video Enable status 
flags are set. 

3. Stop Display Command: 





OPERATION 


Ao 


DESCRIPTION 


DATA BUS 
MSB LSB 


Command 


Write 


1 


Stop Display 


1 


No parameters 









Action — Disables video, interrupts remain enabled, HRTC 
and VRTC continue to run. Video Enable status flag is 
reset, and the "Start Display" command must be given to 
re-enable the display. 

4. Read Light Pen Command 





OPERATION 


Aq 


DESCRIPTION 


DATA BUS 
MSB LSB 


Command 


Write 


1 


Read Light Pen 


1 10 


Parameters 


Read 
Read 






Char. Number 
Row Number 


(Char. Position in Row) 
(Row Number) 



Action — The 8275 is conditioned to supply the contents 
of the light pen position registers in the next two read 
cycles of the parameter register. Status flags are not af- 
fected. 

Note: Software correction of light pen position is required. 





OPERATION 


Ao 


DESCRIPTION 


'DATA B^t^;-'' 
MSB ' ■/ '' %^| 


Command 


Write 


1 


Load Cursor 


10 0; Q 


Parameters 


Write 
Write 






Char. Number 
Row Number 


(Char. Position in Rovir) 
(Row Number) 



Action — The 8275 is conditioned to place the next two 
parameter bytes into the cursor position registers. Status 
flags not affected. 



6. Enable Interrupt Command: 





OPERATION 


Ac 


DESCRIPTION 


DATA BUS 
MSB LSB 


Command 


Write 


1 


Enable Interrupt 


10 10 


No parameters 









Action — The interrupt enable status flag is set and inter- 
rupts are enabled. 



7. Disable Interrupt Command: 





OPERATION 


Ac 


DESCRIPTION 


DATA BUS 
MSB LSB 


Command 


Write 


1 


Disable Interrupt 


1 1 


No parameters 









Action — Interrupts are disabled and the interrupt enable 
status flag is reset. 



8. Preset Counters Command: 





OPERATION 


Aq 


DESCRIPTION 


DATA BUS 
MSB LSB 


Command 


Write 


1 


Preset Counters 


1 1 10 


No parameters 









Action — The internal timing counters are preset, corre- 
sponding to a screen display position at the top left corner. 
Two character clocks are required for this operation. The 
counters will remain in this state until any other command 
is given. 

This command is useful for system debug and synchroniza- 
tion of clustered CRT displays on a single CPU. 
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Status Flags 

OPERATION 


AO 


DESCRIPTION 


DATA BUS 
MSB LSB 


Command 


Read 


1 


Status Word 


IE IR LPIC VEOU FO 



IE - (Interrupt Enable) Set or reset by command. It 
enables vertical retrace interrupt. It is auto- 
matically set by a "Start Display" command 
and reset with the "Reset" command. 

IR - (Interrupt Request) This flag is set at the begin- 
ning of display of the last row of the frame if 
the interrupt enable flag Is set. It is reset after 
a status read operation. 

LP — This flag is set when the light pen input (LPEN) 
is activated and the light pen registers have been 
loaded. This flag is automatically reset after a 
status read. 



IC — (Improper Command) This flag is set when a 
command parameter string is too long or too 
short. The flag is automatically reset after a 
status read. 

VE — (Video Enable) This flag indicates that video 
operation of the CRT is enabled. This flag is 
set on a "Start Display" command, and reset 
on a "Stop Display" or "Reset" command. 

DU — (DMA Underrun) This flag is set whenever a 
data underrun occurs during DMA transfers. 
Upon detection of DU, the DMA operation is 
stopped and the screen is blanked until after 
the vertical retrace interval. This flag is reset 
after a status read. 

FO — (FIFO Overrun) This flag is set whenever the 
FIFO is overrun. It is reset on a status read. 




11-136 



8275 



ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0°Cto 70°C 

Storage Temperature -65°C to +150°C 

Voltage On Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1 Watt 



^COMMENT: Stresses above those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sec- 
tions of this specification is not implied. 



D.C. CHARACTERISTICS 

Ta = 0°C to 70°C; Vcc = 5V +5% 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


TEST CONDITIONS 


V|L 


Input Low Voltage 


-0.5 


0.8 


V 




V|H 


Input High Voltage 


2.0 


Vcc+0.5V 


V 




Vol 


Output Low Voltage 




0.45 


V 


loL= 2.2 mA 


VOH 


Output High Voltage 


2.4 




V 


loH = -400iuA 


l|L 


Input Load Current 




±10 


ma 


V|N = VcctoOV 


•OFL 


Output Float Leakage 




±10 


ma 


VoUT= VcctoOV 


Ice 


Vcc Supply Current 




160 


mA 





CAPACITANCE 

Ta = 25°C; Vcc = GND = OV 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


TEST CONDITIONS 


C|N 


Input Capacitance 




10 


pF 


fc= 1 MHz 


Cj/o 


I/O Capacitance 




20 


pF 


Unmeasured pins returned to Vss- 



11-137 



8275 



'^f y ^g% 



other Timing: 



SYMBOL 


PARAIVIETER 


MiN. 


MAX. 


UIMITS 


TEST CONDiTiONS 


tec 


Character Code Output Delay 




150 


ns 


Cl=50pF 


tHR 


Horizontal Retrace Output Delay 




150 


ns 


Cl=50pF 


tLC 


Line Count Output Delay 




250 


ns 


Cl=50pF 


tAT 


Control /Attribute Output Delay 




250 


ns 


Cl = 50pF 


tVR 


Vertical Retrace Output Delay 




250 


ns 


Cl=50pF 


t|R 


IRQ! from CCLKI 




250 


ns 


Cl=50pF 


tRI 


IRQIfrom Rdt 




250 


ns 


Cl=50pF 


tKQ 


DRQtfromCCLKI 




250 


ns 


Cl=50pF 


two 


DROtfrom WRt 




250 


ns 


Cl=50pF 


tRQ 


DRQIfromWRI 




200 


ns 


Cl=50pF 


tLR 


DACKItoWRI 







ns 




tRL 


WRttoDACKt 







ns 




tpR 


LPEN Rise 




50 


ns 




tpH 


LPEN Hold 


100 




ns 





Note: Timing measurements are made at the following reference voltages: Output "1" = 2.0V, "0" = 0.8V. 



WAVEFORMS 



EXT DOT CLK 



^mnjmnimjiiuuumann. 



1 



•± 



CHARACTER 

GENERATOR 

OUTPUT 




■DC 



FIRST CHARACTER CODE 



- ROM ACCESS- 



X 



X 



SECOND CHARACTER CODE 



X 



FIRST CHARACTER 



X 



SECOND CHARACTER 



SHIFT REGISTER SETUP- 



X 



xz 



VIDEO 

(FROM SHIFT 

REGISTER) 



ATTRIBUTES 

& CONTROLS 

(FROM 

SYNCHRONIZER) 



D0(XXXX)O0(XXXX 



X 



FIRST CHARACTER 



ATTRIBUTES & CONTROLS FOR FIRST CHAR. 



X 



SECOND CHARACTER 



ATTRIBUTES & CONTROLS 
FOR 2ND CHAR. 



*CCLK IS A MULTIPLE OF THE DOT CLOCK AND AN INPUT TO THE 8275. 



Figure 25. Typical Dot Level Timing 
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VC FIRST \/ SECOND \/ ^^^\/ 

CCo-6 A DISPLAY Y DISPLAY Y Y 

/- ^CHARACTEr/\ CHARACTER / \ t t / V 



VIDEO 

CONTROLS 

AND ATTRIBUTES' 



"\ 



LAST 

DISPLAY 

.CHARACTEF^ 



-PROGRAMMABLE FROM 1 TO 80 CHARACTERS ♦ 



X FIRST \r 
RETRACE X 
CHARACTER / \ 



i 



- PROGRAMMABLE FROM 

^V 



X 



LAST 

RETRACE 

CHARACTEF 



tHR— I 
2T0 32CCLKS 



V 



PRESENT LINE COUNT 



NEXT LINE COUNT 



— /^ A X ^^-X A_ 



•LAo_i, VSP, LTEN, HGLT, RVV, GPAq-i 



X 



Figure 26. Line Timing 



X- 



LCo_3 



X- 



X FIRST LINE VsECOND LINE V \A 

COUNT A <^0"^T A , , A 



^ LAST LINE 
COUNT 



): 



INTERNAL 

ROW LAST ROW 
COUNTER 



>: 



-PROGRAMMABLE FROM 1 TO 16 LINES- 



PRESENT ROW 



7. 



Figure 27. Row Timing 




Figure 28. Frame Timing 
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INTERNAL 

ROW 

COUNTER 



FIRST LINE COUNT 



\ 



LAST DISPLAY ROW 



f 



\ 



f 



Figure 29. interrupt Timing 




'V 



Figure 30. Di^A Timing 
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A.C. CHARACTERISTICS 

Ta = 0°C to 70°C; Vcc = 5.0V ±5%; GND = 

Bus Parameters (Note 1) 
Read Cycle: 



ov 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


TEST CONDITIONS 


tAR 


Address Stable Before READ 







ns 




tRA 


Address Hold Time for READ 







ns 




tRR 


READ Pulse Width 


250 




ns 




tRD 


Data Delay from READ 




200 


ns 


Cl= 150 pF 


tDF 


READ to Data Floating 


20 


100 


ns 




Write Cycle: 


SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


TEST CONDITIONS 


tAW 


Address Stable Before WRITE 







ns 




tWA 


Address Hold Time for WRITE 







ns 




tww 


WRITE Pulse Width 


250 




ns 




tow 


Data Setup Time for WR ITE 


150 




ns 




tWD 


Data Hold Time for WRITE 







ns 




Clock Timing: 


SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


TEST CONDITIONS 


tCLK 


Clock Period 


320 




ns 




tKH 


Clock High 


120 




ns 




tKL 


Clock Low 


120 




ns 




tKR 


Clock Rise 


5 


30 


ns 




tKF 


Clock Fall 


5 


30 

1 


ns 





Note 1 : AC timings measured at Vqh "= 2.0, Vql = 0-8 



Write Timing 



Ao,CS 



invalidV 



v^'' 



DBo_7 INVALID V VALID \ INVALID 



;c 




Clock Timing 



input Waveforms (For A.C. Tests) 



~'-^-j^\ 



i A°»^ 



TEST POINTS . 



X 
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8278 
PROGRAMMABLE KEYBOARD INTERFACE 



Simultaneous Keyboard and Display 
Operations 

Interface Signals for Contact and 
Capacitive Coupled Keyboards 

128-Key Scanning Logic 

10.7 msec Matrix Scan Time for 128 
Keys and 6 MHz Clock 

8-Character Keyboard FIFO 



■ N-Key Rollover with Programmable 
Error Mode on Multiple New Closures 

■ 18-Character 7-Segment Display 
Interface 

■ Right or Left Entry Display RAM 

■ Depress/Release Mode Programmable 

■ Interrupt Output on Key Entry 



The Intel® 8278 is a general purpose programmable keyboard and display Interface device designed for use with 8-blt 
microprocessors such the MDS-80^'^ and MCS-BS^"^. The keyboard portion can provide a scanned Interface to 
128-key contact or capacltive-coupled keyboards. The keys are fully debounced with N-key rollover and 
programmable error generation on multiple new key closures. Keyboard entries are stored In an 
8-character FIFO with overrun status indication when more than 8 characters are entered. Key entries set 
an Interrupt request output to the master CPU. 

The display portion of the 8278 provides a scanned display interface for LED, Incandescent, and other 
popular display technologies. Both numeric displays and simple indicators may be used. The 8278 has a 
16X4 display RAM which can be loaded or Interrogated by the CPU. Both right entry calculator and left en- 
try typewriter display formats are possible. Both read and write of the display RAM can be done with auto- 
increment of the display RAM address. 



PIN CONFIGURATION 



PIN NAMES 



BLOCK DIAGRAM 



RLE 


, ^ 


^ 40 


DVcc 


XI C 


2 


39 


UCLR 


X2C 


3 


38 


DB3 


RESFfC 


4 


37 


PB2 


NCC 


5 


36 


DBi 


CSC 


6 


35 


pBo 


gndC 


7 


34 


Dkcl 


rdC 


8 


33 


Divie 


AoC 


9 


32 


PM5 


wrC 

SYNCC 


10 31 
8278 

11 30 


PM4 

pM3 


DoC 


12 


29 


DM2 


DiC 


13 


28 


DMt 


D2C 


14 


27 


DMo 


D3C 


15 


26 


DVdd 


D4C 


16 


25 


hwc 


D5C 


17 


24 


D ERROR 


DeC 


18 


23 


DiRQ 


D7C 


19 


22 


Dhys 


gndC 


20 


21 


Dbp 



D7-D0 


DATA BUS 


RD,WR 


READ. WRITE STROBES 


CS 


CHIP SELECT 


Ao 


CONTROL/DATA SELECT 


RESET 


RESET INPUT 


Xi,X2 


FREQ. REFERENCE INPUT 


SYNC 


HIGH FREQUENCY OUTPUT 




CLOCK 


RL 


KEYBOARD RETURN LrNE 


CLR 


CLEAR ERROR 


KCL 


KEY CLOCK 


Mg— Mq 


MATRIX SCAN LINES 


B3-B0 


DISPLAY OUTPUTS 


ERROR 


ERROR SIGNAL 


IRQ 


INTERRUPT REQUEST 


HYS 


HYSTERESIS 


BP 


TONE ENABLE 





DATA 


l<X> 


BUS 
BUFFER 




REGISTER 


INTERRUPT 1 1 


REQUEST 


nV 


RD— * 


I/O 


WR — *• 


CONTROL 




LOGIC 






Ao — 






.. 4 




RESET— ' 




Xi~ 


TIMING 


X2— 





o 



o 



o 



r 



o 



H 



<x>: 



TONE & ERROR 
LOGIC 



►KEY CLOCK 
^SYNC 
(400 KHz) 



► TONE ENABLE 
' ERROR OUTPUT 
- CLEAR INPUT 



<A> 



16-DIGIT 
DISPLAY 
BUFFER 



CO" 



PWR- 
GND- 
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PIN DESCRIPTION 

The 8278 is packaged in a 40-pin DIP. The following is a 
brief functional description of each pin. 



Signal 



Pin No. 



Description 



D0-D7 12-19 Three-state, bi-directional data bus 

lines used to transfer data and com- 
mands between the CPU and the 
8278. 

WR 10 Write strobe which enables the mas- 

ter CPU to write data and com- 
mands between the CPU and the 
8278. 

RD 8 Read strobe which enables the mas- 

ter CPU to read data and status from 
the 8278 internal registers. 

CS 6 Chip select input used to enable 

reading and writing to the 8278. 

Ao 9 Address input used by the CPU to 

indicate control or data. 

RESET 4 A low signal on this pin resets the 

8278. 

Xi, X2 2,3 Inputs for crystal, L-C or external 

timing signal to determine internal 
oscillator frequency. 

IRQ 23 Interrupt Request Output to the 

master CPU. In the keyboard mode 
the IRQ line goes low with each 
FIFO read and returns high if there 
is still information in the FIFO or an 
ERROR has occurred. 

Mo-Me 27-33 Matrix scan outputs. These out- 

puts control a decoder which scans 
the key matrix columns and the 16 
display digits. Also, the Matrix scan 
outputs are used to multiplex the 
return lines from the key matrix. 

RL 1 Inputfrom the multiplexer which in- 

dicates whether the key currently 
being scanned is closed. 

HYS 22 Hysteresis output to the analog de- 

tector. (Capacitive keyboard config- 
uration). A "0" means the key cur- 
rently being scanned has already 
been recorded. 

KCL 34 Key clock output to the analog de- 

tector (capacitive keyboard config- 
uration) used to reset the detector 
before scanning a key. 

SYNC 11 High frequency (400 KHz) output 

signal used in the key scan to detect 
a closed key (capacitive keyboard 
configuration). 

B0-B3 35-38 These four lines contain binary 

coded decimal display information 
synchronized to the keyboard col- 
umn scan. The outputs are for 
multiplexed digital displays. 



Signal 



Pin No. 



Description 



ERROR 24 Error signal. This line is high when- 

ever two new key closures are de- 
tected during a single scan or when 
too many characters are entered 
into the keyboard FIFO. It Is reset by 
a system RESET pulse or by a "1" 
input on the CLR pin or by the 
CLEAR ERROR command. 

CLR 39 Input used to clear an ERROR con- 

dition in the 8278. 

BP 21 Tone enable output. This line is high 

for 10ms following a valid key 
closure; it is set high and remains 
high during an ERROR condition. 

Vcc, Vdd 40,26 +5 volt power input: +5V ± 10%. 
GND 20,7 Signal ground. 



PRINCIPLES OF OPERATION 

The following is a description of the major elements of the 
Programmable Keyboard/Display interface device. Refer 
to the block diagram in Figure 1. 

I/O Control and Data Buffers 

The I/O control section uses the CS, Ao.RD, and WR lines 
to control data flow to and from the various internal 
registers and buffers (see Table 1). All data flow to and 
from the 8278 is enabled by CS. The 8-bits of information 
being transferred by the CPU is identified by Ao. A logic 
one means information is command or statu s. A logic zero 
means the information is data. RD and WR determine the 
direction of data flow through the Data Bus Buffer (DBB). 
The DBB register is a bi-directional 8-bit buffer register 
which connects the internal 8278 bus buffer register to the 
external bus. When the chip is not selected (5s = 1) the 
DBB is in the high impedance state. The DBB acts as an 
input when (RD, WR, CS) = (1,0, 0) and an output when 
(RD, WR, CS) = (0, 1, 0). 



CS 


Ao 


WR 


RD 


Condition 








1 





Read DBB Data 





1 


1 





Read STATUS 











1 


Write Data to DBB 





1 





1 


Write Command to DBB 


1 


X 


X 


X 


Disable 8278 Bus is 
High Impedance 


Scan Counter 










The scan counter provides the timing to scan the 
keyboard and display. The four MSB's (Ms-Me) scan the 
display digits and provide column scan to the keyboard via 
a 4 to 16 decoder. The three LSB's (M0-M2) are used to 
multiplex the row return lines into the 8278. 
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TO TONE GENERATOR 



), 8085 OR 8048 

MASTER 

PROCESSOR 




16 DIGIT SCAN 



Figure 1. System Configuration for Capacitive-Coupled Keyboard 



Keyboard Debounce and Control 

The 8278 system configuration is shown in Figure 2. The 
rows of the matrix are scanned and the outputs are 
multiplexed by the 8278. When a key closure is detected, 
the debounce logic waits about 1 2 msec to check if the key 
remains closed. If it does,the address of the key in the 
matrix is transferred into a FIFO buffer. 



FIFO and FIFO Status 

The 8278 contains an 8X8 FIFO character buffer. Each 
new entry is written into a successive FIFO location and 
each is then read out in the order of entry. A FIFO status 
register keeps track of the number of characters in the 



FIFO and whether it is full or empty. Too many reads or 
key entries will be recognized as an error. The status can 
be read by a RD with OS low and Ao high. The status logic 
also provides a IRQ signal to the master processor 
whenever the FIFO is not empty. 

Display Address Registers and Display RAM 

The display Address registers hold the address of the 
word currently being written or read by the CPU and the 
4-bit nibble being displayed. The read/write addresses 
are programmed by CPU command. They also can be set 
to auto increment after each read or write. The display 
RAM can be directly read by the CPU after the correct 
mode and address is set. Data entry to the display can 
be set to either left or right entry. 




8080, 8085 OR 8048 

MASTER" 

PROCESSOR 



c 



► TO TONE GENERATOR 



ERROR 
CLR 



8278 



Ao 

CS 

RESET 



DIGITAL 
MULTIPLEXER 



\ 



i 



16 DIGIT SCAN 



CONTACT 

KEYBOARD 

MATRIX 



8 OR 16 DIGIT DISPLAY 



Figure 2. System Configuration for Contact Keyboard 
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8278 COMMANDS 

The 8278 operating mode is programmed by the master 
CPU using the Ao, WR, and D0-D7 inputs as shown below: 



Aq.cs invalid 



)( 



X 



Where Al indicates Auto Increment and Ag^Ao is the 
address of the next display character to be redd out 

Al=1 AUTO increment - 

Al=0 no AUTO increment 

Write Display Command 



1 





Al 


A3 


A2 Al 


Ao 



\__y 



" X ""° X " 



The master CPU presents the proper command on the Do- 
D7 data lines with Ao=1 and then sends a WR pulse. The 
command is latched by the 8278 on the rising edge of the 
WR and is decoded internally to set the proper operating 
mode. 

COMMAND SUMMARY 
Keyboard/Display IVIode Set 



CODE 



where the mode set bits are defined as follows: 
K — the keyboard mode select bit 



000 


N 


E 


1 D 


K 



normal key entry mode 

special function mode: Entry on key closure and on 

key release 

the display entry mode select bit 
left display entry 
right display entry 

the interrupt request (IRQ) output enable bit. 
enable IRQ output 
disable IRQ output 

the error mode select bit 

error on multiple key depression 

no error on multiple key depression 

the number of display digits select 
16 display digits 
8 display digits 





























ReadF 


IFO Command 


CODE 





1 

















Read C 


Msplay Command 


CODE 





1 


1 Al 


A3 


A2 


Al Ao 



Where Al indicates Auto Increment and A3-A0 is the 
address of the next display character to be written. 

Clear/Bianic Command 



1 


1 


uo 


BD 


CD 


CF 


CE 



Where the command bits are defined as follows: 
CE = Clear ERROR 
CF = Clear FIFO 

CD = Clear Display RAM to all High 
BD = Blank Display to all High (Display RAM 

unaffected) 
UD = Unblank Display 

The display is cleared and blanked following a Reset. 

8278 Status Read 

The status register in the 8278 can be read by the master 
CPU using the Ao, RD, and D0-D7 inputs as shown below: 



Ao, CS 



X 



X 



\ 



f 



The 8278 places 8-bits of status information on the D0-D7 
lines following (Ao, CS, RD) = 1,0,0 inputs from the 
master. 



Status Format 



S3 


S2 


Si So 


B 


KE 


IBF 


OBF 



D7 De D5 D4 D3 D2 Di Do 



Where the status bits are defined as follows: 

OBF = Output Buffer Full Flag 

IBF = Input Buffer Full Flag 

KE = Keyboard Error Flag (multiple depression) 

B = BUSY Flag 

S3-S0 = FIFO Status 



11-145 



Odf^ 



status Description 

The S3-S0 status bits indicate the number of entries (0 to 8) 
in the 8-level FIFO. A FIFO overrun will lock status at 1 1 1 1 . 
The overrun condition will prevent further key entries until 
cleared. 

A multiple key closure error will set the KE flag and 
prevent further key entries until cleared. 

The IBF and OBF flags signify the status of the 8278 data 
buffer registers used to transfer information (data, status 
or commands) to and from the master CPU. 



The IBF 



is set when the master CPU writes Data or 



Commands to the 8278. The I BF f lag is cleared by the 8278 
during its response to the Data or Command. 

The OBF flag is set when the 8278 has output data ready 
for the master CPU. This flag is cleared by a master CPU 
Data READ. 

The Busy flag in the status register is used as a LOCK- 
OUT signal to the master processor during response to 
any command or data write from the master. 

The master must test the Busy flag before each read 
(during a sequence) to be sure that the 8278 is ready with 
valid DATA. 

The ERROR and TONE outputs from the 8278 are set high 
for either type of error. Both types of error are cleared by 
the CLR input, by the CLEAR ERROR command, or by a 
reset. The FIFO and Display buffers are cleared 
independently of the Errors. 

FIFO status is used to indicate the number of characters in 
the FIFO and to indicate whether an error has occurred. 
Overrun occurs when the entry of another character Into a 
full FIFO Is attempted. Underrun occurs when the CPU 
tries to read an empty FIFO. The character read will be the 
last one entered. FIFO status will remain at 0000 and the 
error condition will not be set. 



Data Read Sequence 

Before reading data, the master CPU must Bm6 a 
command to select FIFO or Display data. Following the 
command, the master must read STATUS and test the 
BUSY flag and the OBF flag to verify that the 8278 has 
responded to the previous command. A typical DATA 
READ sequence is as follows: 



'_r 



!_ 



READ DISPLAY 
OR FIFO COMMAND 
FROM MASTER 



I I 



FIRST MASTER NEXT 

DATA BYTE READS DATA | BYTE READY 

READY 8278 

PROCESSING 
NEXT BYTE 



After the first read following a Read Display or Read FIFO 
command, successive reads may occur as soon as OBF 
rises. 

8278 Data Write 

The master CPU can write DATA to the 8278 Display 
buffers by using the Ao, WR and D0-D7 inputs as follows: 



Ao,CS INVALID 



K 



X 



^ A 



8278 Data Read 

The master CPU can read DATA from the 8278 FIFO or 
Display buffers by using the Ao, RD, and D0-D7 inputs as 
follows: 




Ao,CS 



X 



X 



\ 



/ 



The master sends a RD pulse with Ao=0 and CS=0 and the 
8278 responds by outputing data on lines D0-D7. The data 
is strobed by the trailing edge of RD. 



The master CPU presents the Data on the D0-D7 lines with 
Ao=0 and then sends a WR pu lse. The data is latched by 
the 8278 on the rising edge of WR. 

Data Write Sequence 

Before writing data to the 8278, the master CPU must first 
send a command to select the desired display entry mode 
and to specify the address of the next data byte. Following 
the commands, the master must read STATUS and test the 
BUSY flag (B) and IBF flag to verify that the 8278 has 
responded. A typical sequence is shown below: 



J — \ r 



I I t I 



WRITE DISPLAY 


8278 MASTER 


8278 




8278 


COMMAND 


READY DATA WRITE 


READY 




READY 




FOR FIRST BYTE 

COMMAND 

OR DATA 


MASTE 
NEXTB 


^WRITES 
YTE 
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INTERFACE CONSIDERATIONS 

Scanned Keyboard Mode 

With N-key rollover each key depression is treated 
independently from all others. When a key is depressed 
the debounce logic waits for a full scan of 128 keys and 
then checks to see if the key is still down. If it is, the key is 
entered into the FIFO. 






/:,, 



■c 



- j I X y 



IZZDC 



"L_ji__n__rL_n__n w 



1 



Figure 3. Keyboard Timing 



If two key closures occur during the same scan the 
ERROR output is set, the KE flag is set in the Status word, 
the TONE output is activated and IRQ is set, and no further 
inputs are accepted. This condition is cl eared b y a high 
signal on the CLEAR input or by a system RESET input or 
by the CLEAR ERROR command. 



In the special function mode both the key closure and the 
key release cause an entry to the FIFO. The release is 
entered with the MSB=1. 

Any key entry triggers the TONE output for 10ms. 

The HYS and KCL outputs enable the analog multiplexer 
and detector to be synchronized for interface to capacitive 
coupled keyboards. 




SCAN CYCLE 1 

IRQ 




I ! 



KEY 1 
DEPRESSED 



KEY1 
ENTERED 



KEY1 

READ BY MASTER 



KEY 2 KEYS 

DEPRESSED DEPRESSED 



Figure 4. Key Entry and Error Timing 
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Data Format 

In the scanned keyboard mode, the code entered into the 
FIFO corresponds to the position or address of the switch 
in the keyboard. The MSB is relevant only for special 
function keys in which code "0" signifies closure and "1" 
signifies release. The next four bits are the column count 
which indicates which column the key was found in. The 
last three bits are from the row counter. 

KEY CODING 



SF Mg Mg M4 M; 



1 FOR SPECIAL FUNCTION 
- MODE AND KEY RELEASED 
OFOR KEY DEPRESSED 



Display 

Display data is entered into a 16x4 display register and 
may be entered from the left, from the right or into specific 
locations in the display register. A new data character is 
put out on B0-B3 each time the M6-M3 lines change (i.e., 
once every 0.75ms with a 6 MHz crystal). Data is blanked 
during the time the column select lines change by raising 
the display outputs. Output data is positive true. 

Left Entry 

The left entry mode is the simplest display format in that 
each display position in the display corresponds to a byte 
(or nibble) in the Display RAM. Address in the RAM is the 
left-most display character and address 15 is the right- 
most display character. Entering characters from position 
zero causes the display to fill from the left. The 17th 
character is entered back in the left-most position and 
filling again proceeds from there. 



Right Entry 

Right entry is the method used by most electronic 
calculators. The first entry is placed in the right-most 
display character. The next entry is also placed in the 
right-most character after the display is shifted left one 
character. The left-most character is shifted off the end 
and is lost. 



DISPLAY 
-RAM 
ADDRESS 





1 


2 




14 


15 


0-* 


1ST ENTRY 










1 




2 


3 15 





1 


2ND ENTRY 








1 2 




3 


4 


1 


2 


3RD ENTRY 






1 


2 


3 







1 13 


14 


15 


16TH ENTRY 


1 2 


14 


15 


16 




1 


2 14 


15 





17TH ENTRY 


2 


3 




15 


16 


17 




2 


3 15 





1 


18TH ENTRY 


3 


4 




16 


17 


18 



Note that now the display position and register address do 
not correspond. Consequently, entering a character to an 
arbitrary position in the Auto Increment mode may have 
unexpected results. Entry starting at Display RAM address 
with sequential entry is recommended. A Clear Display 
command should be given before display data is entered if 
the number of data characters is not equal to 16 (or 8) in 
this mode. 



DISPLAY 
CHARACTER 




-■\ I \ I \ I \ I \ I \ I V 



Figure 5. Display Timing 
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Auto Increment 

In the Left Entry mode, Auto Incrementing causes the 
address where the CPU will next write to be incremented 
by one and the character appears in the next location. 
With non-Auto Incrementing the entry is both to the same 
RAM address and display position. Entry to an arbitrary 
address in the Left Entry — Auto Increment mode has no 
undesirable side effects and the result is predictable: 








1 


2 


3 


4 


5 


6 


7-* 


DISPLAY 
— RAM 


1ST ENTRY 


1 
















ADDRESS 




12 3 4 5 6 7 




2ND ENTRY 


1 


2 


















12 3 4 5 6 7 




COMMAND 
10010101 


1 


2 
















ENT 


ER NEXT AT LOCATION 5 AUTO INCREM 
12 3 4 5 6 7 


ENT 


3RD ENTRY 


1 2 




. _ 


_ 


3 








1 2 3 4 5 6 7 




4TH ENTRY 


1 


2 






3 


4 







In the Right Entry mode, Auto Increm^n^n^ ^nd non 
Incrementing have the same effect as (h the Left §ntry 
except that the address sequence is interrupted: 



12 3 4 5 



COMMAND 
10010101 



234567 01 
12 

234567 01 
1 2 



DISPLAY 
7 -• — RAM 

ADDRESS 



ENTER NEXT AT LOCATION 5 AUTO INCREMENT 
3 4 5 6 7 12 



3RD ENTRY 






3 






1 


2 






4 


5 


6 


7 





1 


2 


3 


4TH ENTRY 




3 


4 




1 


2 





Starting at an arbitrary location operates as shown below: 



COMMAND 
10010101 



DISPLAY 
12 3 4 5 6 7^»- -RAM 

ADDRESS 



ENTER NEXT AT LOCATION 5 AUTO INCREMENT 





1 


2 


3 


4 


5 


6 


7 





1ST ENTRY 










1 










2 


3 


4 


5 


6 


7 





1 


2ND ENTRY 








1 


2 
























8TH ENTRY 


4 


B 


6 


7 


8 


1 2 


3 




















9TH ENTRY 


5 


6 


7 


8 


9 


2 


3 


^ 



Entry appears to be from the initial entry point. 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0° C to 70° C 

Storage Temperature -65° C to +1 50° C 

Voltage on Any Pin With 

Respect to Ground - 0.5V to +7V 

Power Dissipation 1.5 Watt 



"COMMENT: Stresses above those UstedundBr ''Absolute 
Maximum Ratings" may cause permanent damagBtothe 
device. This is a stress rating only and functhml 
operation of the device at these or any other conditions, 
above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may 
affect device reliability. 



D.C. CHARACTERISTICS 

Commercial: Ta = 0°C to 70° C; Vcc 



+5V ±5%; Vss = OV 



Symbol 


Parameter 


Min. 


Max. 


Units 


Condition 


ViL 


Input Low Voltage (All Inputs 
Except Xi, X2 


-0.5 


0.8 


V 




V|H1 


Input High Voltage (All Inputs 
Except Xi,X2, RESET 


2.0 


Vcc 


V 




V|H2 


RESET High Voltage 


3.0 


Vcc 


V 




V0L1 


Output Low Voltage (D0-D7) 




0.45 


V 


Iql = 2.0mA 


VoL2 


Output Low Voltage (All 
Other Outputs) 




0.45 


V 


lOL = 1.6mA 


V0H1 


Output High Voltage (D0-D7) 


2.4 




V 


Iqh = -400mA 


V0H2 


Output High Voltage (All 
Other Outputs) 


2.4 




V 


Iqh = -50mA 


IlL 


Input Leakage Current (All 
Inputs Except RESET) 




±10 


mA 


ViN = Vcc 


lOL 


Output Leakage Current (D0-D7) 




±10 


mA 


ViN = Vss + 0.45V or 
ViN = Vcc 


Idd + ice 


Total Supply Current 




135 


mA 


Vcc = 5.5V 


Idd 


Vdd Supply Current 




25 


mA 


Vcc = 5.5V 


Ili 


Low Input Source Current (RESET) 




0.2 


mA 


ViL = 0.8V 



8278 CLOCK OPTIONS 









Q 


Xi 
X2 


8278 


1/2 
7474 


Q 






D 





16 MHz 
CRYSTAL 



40Mh-130)uh 
INDUCTOR 



EXTERNAL 
CLOCK 
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A.C. CHARACTERISTICS 

Ta = O'C to 70° C; Vcc = +5V ±10%; Vss = OV 



Symbol 


Parameter 


Min. 


Max. 


Units 


Condition 


tAC 


Address (CS, Ao) Setup to 
Control (RD, WR) 







ns 




tCA 


Address Hold from Control 







ns 




tec 


Control Pulse Width 


250 




ns 


D0-D7, Cl = 150pF 


tDW 


Data in Setup to WR T.E. 


150 




ns 


tWD 


Data in Hold After WR T.E. 







ns 




tRD 


RD LE. to Data Out Valid 




150 


ns 




tDF 


RD T.E. to Data Out Float 


10 


100 


ns 




tMCY 


Matrix Cycle Time 




10.7 


ms 


With 6MHz Crystal 


tRV 


Recovery Time Between Reads 
and/or Writes 


1 




/us 





WAVEFORMS 

Read Operation — Data Bus Buffer Register 

CS OR Ao V 



X 



\ 



y 



< 



- DATA VALID- 



> 



Write Operation — Data Bus Buffer Register 

CSOR Ao 




V 



(READ CONTROL) 



(WRITE CONTROL) 



11-151 



Intel 



8279/8279-5 
PROGRAMMABLE KEYBOARD/DISPLAY INTERFACE 



MCS-SS^*^ Compatible 8279-5 

Simultaneous Keyboard Display 
Operations 

Scanned Keyboard Mode 

Scanned Sensor Mode 

Strobed Input Entry Mode 

8-Character Keyboard FIFO 

2-Key Lockout or N-Key Rollover with 
Contact Debounce 



■ Dual 8- or 16-Numerical Display 

■ Single 16-Character Display 

■ Right or Left Entry 16-Byte Display 
RAM 

■ Mode Programmable from CPU 

■ Programmable Scan Timing 

■ Interrupt Output on Key Entry 



The Intel® 8279 Is a general purpose programmable keyboard and display I/O Interface device designed for use with 
Intel® microprocessors. The keyboard portion can provide a scanned interface to a 64-contact key matrix. The 
keyboard portion will also interface to an array of sensors or a strobed interface keyboard, such as the hall effect and 
ferrite variety. Key depressions can be 2-key lockout or N-key rollover. Keyboard entries are debounced and strobed in 
an 8-character FIFO. If more than 8 characters are entered, overrun status is set. Key entries set the interrupt output 
line to the CPU. 

The display portion provides a scanned display interface for LED, incandescent, and other popular display 
technologies. Both numeric and alphanumeric segment displays may be used as well as^imple indicators. The 8279 
has 16X8 display RAM which can be organized into dual 16X4. The RAM can be loaded or interrogated by the CPU. Both 
right entry, calculator and left entry typewriter display formats are possible. Both read and write of the display RAM 
can be done with auto-increment of the display RAM address. 



PIN CONFIGURATION 



RL2C 
RL3C 
clkC 
irqC 
RL4L 

RLsC 
RLeC 
RL7C 

resetC 
rdC 
wrC 

D80C 

DB,C 

DB2C 
DB3C 
DB4C 
DB5C 

DBgC 
DB7C 

VssC 



40 DVcc 

39 DRLi 
■?« jRLo 
37 UCNTL/STB 
36 I] SHIFT 
35 DSL3 
34 IISL2 
33 ISLi 
32 ISLo 
31 DOUT Bo 
30 J OUT B, 
29 3 OUT B2 
28 HOUT B3 
27 DOUT Ao 
26 I] OUT Ai 
25 U OUT A2 
24 HOUT A3 
23 I]BO 
22 IJCS 
21 DAo 



LOGIC SYMBOL 



PIN NAMES 



OBo/ 


I/O 


DATA BUS (81 DIRECTIONAL) 


CLK 


1 


CLOCK INPUT 


RESET 


1 


RESET INPUT 


» 


1 


CHIP SELECT 


RD 


1 


READ INPUT 


m 


1 


WRITE INPUT 


Ao 


1 


BUFFER ADDRESS 


IRQ 





INTERRUPT REQUEST OUTPUT 


SL0 3 





SCAN LINES 


RLo7 


1 


RETURN LINES 


SHIFT 


1 


SHIFT INPUT 


CNTL/STB 


1 


CONTROL/STROBE INPUT 


OUT Ao ^ 





DISPLAY (AI OUTPUTS 


OUT Bo 3 





DISPLAY (B) OUTPUTS 


SB 





BLANK DISPLAY OUTPUT 



CPU 
INTERFACE 



<^^ 



IRQ RLo7 


<^-^ 


DATA 
BUS 


N 


RD 




WR 


K 


^^ SL0.3 


4 > 


AO 




OUT A0.3 


4 > 


RESET 


y 

K 


CLK OUT B0.3 


4 > 


BD 


K 


1 1 



- KEY DATA 



DISPLAY 
DATA 
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HARDWARE DESCRIPTION 

The 8279 is packaged in a 40 pin DIP. The following is 
a functional description of each pin. 
No. Of 
Pins Designation Function 



SHIFT The shift input status is stored 

along with the k^y position on 
key closure in the Scanned 



8 DB0-DB7 

1 CLK 

1 RESET 



1 CS 



1 Ao 



2 RD, WR 



1 IRQ 



2 Vss, Vqc 
4 SL0-SL3 



8 RL0-RL7 



Bi-directional data bus. All data 
and commands between the 
CPU and the 8279 are trans- 
mitted on these lines. 
Clock from system used to gen- 
erate internal timing. 
A high signal on this pin resets 
the 8279. After being reset the 
8279 is placed in the following 
mode: 

1) 16 8-bit character display 
— left entry. 

2) Encoded scan keyboard— 2 
key lockout. 

Along with this the program 
clock prescaler is set to 31. 

Chip Select. A low on this pin 
enables the interface functions 
to receive or transmit. 
Buffer Address. A high on this 
line indicates the signals in or 
out are interpreted as a com- 
mand or status. A low Indicates 
that they are data. 
Input/Output read and write. 
These signals enable the data 
buffers to either send data to 
the external bus or receive it 
from the external bus. 
Interrupt Request. In a keyboard 
mode, the interrupt line is high 
when there is data in the FIFO/ 
Sensor RAM. The interrupt line 
goes low with each FIFO/ 
Sensor RAM read and returns 
high if there is still informa- 
tion in the RAM. In a sensor 
mode, the interrupt line goes 
high whenever a change in a 
sensor is detected. 

Ground and power supply pins. 

Scan Lines which are used to 
scan the key switch or sensor 
matrix and the display digits. 
These lines can be either en- 
coded (1 of 16) or decoded (1 of 
4). 

Return line inputs which are 
connected to the scan lines 
through the keys or sensor 
switches. They have active in- 
ternal pullups to keep them 
high until a switch closure pulls 
one low. They also serve as an 
8-bit input in the Strobed Input 
mode. 



No. Of 
Pins 



Designation Function 



Keyboard modes. It has an 
active internal pullup to keep it 
high until a switch closure pulls 
it low. 

CNTL/STB For keyboard modes this line is 
used as a control input and 
stored like status on a key clo- 
sure. The line is also the strobe 
line that enters the data into the 
FIFO in the Strobed Input mode. 

(Rising Edge). It has an active 
internal pullup to keep it high 
until a switch closure pulls it 
low. 

These two ports are the outputs 
for the 16 x 4 display refresh 
registers. The data from these 
outputs is synchronized to the 
scan lines (SL0-SL3) for multi- 
plexed digit displays. The two 4 
bit ports may be blanked inde- 
pendently. These two ports may 
also be considered as one 8 bit 
port. 

BD Blank Display. This output is 

used to blankthedisplay during 
digit switching or by a display 
blanking command. 



OUT Ao-OUT A3 
OUT Bo-OUT B3 



PRINCIPLES OF OPERATION 

The following is a description of the major elements of the 
8279 Programmable Keyboard/Display interface device. 
Refer to the block diagram in Figure 1 . 

I/O Control and Data Buffers 

The I/O control section uses the CS, Ao, RD and WR lines 
to control data flow to and from the various internal 
registers and_buffers. All data flow to and from the 8279 is 
enabled by CS. The character of the information, given or 
desired by the CPU, is identified by Ao. A logic one 
means the information is a command or status. A logic 
zero means the information is data. RD and WR determine 
the direction of data flow through the Data Buffers. The 
Data Buffers are bi-directional buffers that connect the 
internal bus_to the external bus. When the chip is not 
selected (CS = 1), the devices are in a high impedance 
state. The drivers input during WR«CS and output during 
RD»CS. 

Control and Timing Registers and Timing Control 

These registers store the keyboard and display modes and 
other operating conditions programmed by the CPU. The 
modes are programmed by presenting the proper 
command on the data lines with Ao = 1 and then sending 
a WR. The command is latched on the rising edge of WR. 
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FUNCTIONAL DESCRIPTION 



Since data input and display are an integral part of many 
microprocessor designs, the system designer needs an 
interface that can control these functions without placing 
a large load on the CPU. The 8279 provides this function 
for 8-bit microprocessors. 

The 8279 has two sections: keyboard and display. The 
keyboard section can interface to regular typewriter style 
keyboards or random toggle or thumb switches. The 
display section drives alphanumeric displays or a bank of 
indicator lights. Thus the CPU is relieved from scanning 
the keyboard or refreshing the display. 

The 8279 is designed to directly connect to the 
microprocessor bus. The CPU can program all operating 
modes for the 8279. These modes include: 

Input Modes 

• Scanned Keyboard — with encoded (8x8 key 
keyboard) or decoded (4x8 key keyboard) scan lines. 
A key depression generates a 6-bit encoding of key 
position. Position and shift and control status are 
stored in the FIFO. Keys are automatically debounced 
with 2-key lockout or N-key rollover. 



Scanned Sensor Matrix — with encoded (8x8 matrix 
switches) or decoded (4x8 matrix switches) scan lines. 
Key status (open or closed) stored in RAM addressable 
by CPU. 

Strobed Input — Data on return lines during control 
line strobe is transferred to FIFO. 



Output Modes 

• 8 or 16 character multiplexed displays that can be 
organized as dual 4-b'it or single 8-bit. 

• Right entry or left entry display formats. 

Other features of the 8279 include: 

• Mode programming from the CPU. 

• Clock Prescaler 

• Interrupt output to signal CPU when there is keyboard 
or sensor data available. 

• An 8 byte FIFO to store keyboard information. 

• 16 byte internal Display RAM for display refresh. This 
RAM can also be read by the CPU. 



CLK RESET 



n 



DATA 
BUFFERS 



I/O CONTROL 



FIFO/SENSOR 

RAM 

STATUS 



INTERNAL - DATA BUS (8) 



IZ 



DISPLAY 
ADDRESS 
REGISTERS 



:> 



16x8 

DISPLAY 

RAM 



iz 



CONTROL AND 

TIMING 

REGISTERS 



\7 



DISPLAY 
REGISTERS 



7Y 



FIFO/SENSOR 
RAM 



V 



KEYBOARD 
DEBOUNCE 

AND 
CONTROL 



TIMING 

AND 

CONTROL 



OUTA0.3 OUTB0.3 



r"T> 



SCAN COUNTER 



7^ 



\7 

SL0.3 



SHIFT 
RL0.7 CNTL/STB 
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The command is then decoded and the appropriate 
function is set. The timing control contains the basic 
timing counter chain. The first counter is a -^ N prescaler 
that can be programmed to yield an internal frequency 
of 100 kHz which gives a 5.1 ms keyboard scan time and 
a 10.3 ms debounce time. The other counters divide 
down the basic internal frequency to provide the proper 
key scan, row scan, keyboard matrix scan, and display 
scan times. 

Scan Counter 

The scan counter has two modes. In the encoded mode, 
the counter provides a binary count that must be 
externally decoded to provide the scan lines for the 
keyboard and display. In the decoded mode, the scan 
counter decodes the least significant 2 bits and provides a 
decoded 1 of 4 scan. Note than when the keyboard is in 
decoded scan, so is the display. This means that only the 
first 4 characters in the Display RAM are displayed. 

In the encoded mode, the scan lines are active high 
outputs. In the decoded mode, the scan lines are active 
low outputs. 

Return Buffers and Keyboard Debounce 
and Control 

The 8 return lines are buffered and latched by the Return 
Buffers. In the keyboard mode, these lines are scanned, 
looking for key closures in that row. If the debounce 
circuit detects a closed switch, it waits about 10 msec to 
check if the switch remains closed. If it does, the address 
of the switch in the matrix plus the status of SHIFT and 
CONTROL are transferred to the FIFO. In the scanned 
Sensor Matrix modes, the contents of the return lines is 
directly transferred to the corresponding row of the 
Sensor RAM (FIFO) each key scan time. In Strobed Input 
mode, the contents of the return lines are transferred to 
the FIFO on the rising edge of the CNTL/STB line pulse. 

FIFO/Sensor RAM and Status 

This block is a dual function 8x8 RAM. In Keyboard or 
Strobed Input modes, it is a FIFO. Each new entry is 
written into successive RAM positions and each is then 
read in order of entry. FIFO status keeps track of the 
number of characters in the FIFO and whether it is full or 
empty. Too many reads or writes will_be recognized as an 
error. The status can be read by an RD with OS low and 
Ao high. The status logic also provides an IRQ signal 
when the FIFO is not empty. In Scanned Sensor Matrix 
mode, the memory is a Sensor RAM. Each row of the 
Sensor RAM is loaded with the status of the correspond- 
ing row of sensor in the sensor matrix. In this mode, IRQ is 
high if a change in a sensor is detected. 

Display Address Registers and Display RAM 

The Display Address Registers hold the address of the 
word currently being written or read by the CPU and the 
two 4-bit nibbles being displayed. The read/write 
addresses are programmed by CPU command. They also 
can be set to auto increment after each read or write. The 
Display RAM can be directly read by the CPU after the 
correct mode and address is set. The addresses for the A 
and B nibbles are automatically updated by the 8279 to 
match data entry by the CPU. The A and B nibbles can be 
entered independently or as one word, according to the 
mode that is set by the CPU. Data entry to the display can 
be set to either left or right entry. See Interface 
Considerations for details. 



SOFTWARE OPERATION 
8279 commands 



MSB 












LSB 











D 


D 


K 


K 


K 



The following commands program the 8279 operating ' 
modes. The commands are sent on the Data Bus with OS 
low and Ao high and are loaded to the 8279 on the rising 
edge of WR". 

Keyboard/Display Mode Set 

Code: 

Where DD is the Display Mode and KKK is the Keyboard 
Mode. 

DD 

8 8-bit character display — Left entry 

1 16 8-bit character display — Left entry* 

1 8 8-bit character display — Right entry 

1 1 16 8-bit character display — Right entry 

For description of right and left entry, see Interface 
Considerations. Note that when decoded scan is set in 
keyboard mode, the display is reduced to 4 characters 
independent of display mode set. 

KKK 

Encoded Scan Keyboard — 2 Key Lockout* 

1 Decoded Scan Keyboard — 2-Key Lockout 

1 Encoded Scan Keyboard — N-Key Rollover 

1 1 Decoded Scan Keyboard — N-Key Rollover 

1 Encoded Scan Sensor Matrix 
1 1 Decoded Scan Sensor Matrix 

1 1 Strobed Input, Encoded Display Scan 

1 1 1 Strobed Input, Decoded Display Scan 

Program Clock 

Code: 

All timing and multiplexing signals for the 8279 are 
generated by an internal prescaler. This prescaler 
divides the external clock (pin 3) by a programmable 
integer. Bits PPPPP determine the value of this integer 
which ranges from 2 to 31 . Choosing a divisor that yields 
100 kHz will give the specified scan and debounce 
times. For instance, if Pin 3 of the 8279 is being clocked 
by a 2 MHz signal, PPPPP should be set to 10100 to 
divide the clock by 20 to yield the proper 100 kHz operat- 
ing frequency. 



1 P P P P P 



Read FIFO/Sensor RAM 



Code: 






1 





Al 


X 


A 


A 


A 



X= Don't Care 



The CPU sets up the 8279 for a read of the FIFO/Sensor 
RAM by first writing this command. In the Scan Key- 

*Default after reset. 
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1 


1 


Al 


A 


A 


A 


A 



1 








Al 


A 


A 


A 


A 



board Mode, the Auto-Increment flag (Al) and the RAM 
address bits (AAA) are irrelevant. The 8279 will automati- 
cally drive the data bus for each subsequent read (Ao = 0) 
in the same sequence in which the data first entered the 
FIFO. All subsequent reads will be from the FIFO until 
another command is issued. 

In the Sensor Matrix Mode, the RAM address bits AAA 
select one of the 8 rows of the Sensor RAM. If the Al flag 
is set (Al = 1), each successive read will be from the sub- 
sequent row of the sensor RAM. 



Read Display RAM 

Code: 

The CPU sets up the 8279 for a read of the Display RAM 
by first writing this command. The address bits AAAA 
select one of the 16 rows of the Display RAM. If the Al 
flag is set (Al = 1), this row address will be incremented 
after each following read or write to the Display RAM. 
Since the same counter is used for both reading and 
writing, this command sets the next read or write 
address and the sense of the Auto-Increment mode for 
both operations. 

Write Display RAM 

Code 

The CPU sets up the 8279 for a write to the Display RAM 
by first writing this command. After writing the com- 
mand with Ao= 1, all subsequent writes with Ao = will 
be to the Display RAM. The addressing and Auto- 
Increment functions are identical to those for the Read 
Display RAM. However, this command does not affect 
the source of subsequent Data Reads; the CPU will read 
from whichever RAM (Display or FIFO/Sensor) which 
was last specified. If, Indeed, the Display RAM was last 
specified, the Write Display RAM will, nevertheless, 
change the next Read location. 



Display Write Inhibit/Blanking 

The IW Bits can be used to mask nibble A and nibble B 
in applications requiring separate 4-bit display ports. By 
setting the IW flag (IW= 1) for one of the ports, the port 
becomes marked so that entries to the Display RAM 
from the CPU do not affect that port. Thus, If each nibble 
Is Input to a BCD decoder, the CPU may write a digit to 
the Display RAM without affecting the other digit being 
displayed. It Is important to note that bit Bq corresponds 
to bit Do on the CPU bus, and that bit A3 corresponds to 
bit D7. 

If the user wishes to blank the display, the BL flags are 
available for each nibble. The last Clear command issued 
determines the code to be used as a "blank." This code 
defaults to all zeros after a reset. Note that both BL 
flags must be set to blank a display formatted with a 
single 8-bit port. 



Clear 

The Cd bits are available in this command to clear aJI 
rows of the Display RAM to a selectable blanking code 
as follows: 



Cd Cd Cd 




X 


All Zeros (X = Don't Care) 


1 


AB = Hex 20 (0010 0000) 


1 1 


All Ones 



— Enable clear display when =1 (or by C^ = 1 ) 

During the time the Display RAM is being cleared (~160 \jls), 
it may not be written to. The most significant bit of the 
FIFO status word is set during this time. When the Dis- 
play RAM becomes available again, it automatically 
resets. 

If the Cp bit is asserted (Cf=1), the FIFO status is 
cleared and the interrupt output line is reset. Also, the 
Sensor RAM pointer is set to row 0. 

Ca, the Clear All bit, has the combined effect of Cp and 
Cp; it uses the Cq clearing code on the Display RAM and 
also clears FIFO status. Furthermore, it resynchronizes 
the internal timing chain. 

End Interrupt/Error JVIode Set 



Code: 



1 1 I E X X X X X = Don't care 



For the sensor matrix modes this command lowers the 
IRQ line and enables further writing Into RAM. (The IRQ 
line would have been raised upon the detection of a 
change in a sensor value. This would have also inhibited 
further writing into the RAM until reset). 

For the N-key rollover mode — if the E bit is programmed 
to "I" the chip will operate in the special Error mode. (For 
further details, see Interface Considerations Section.) 

Status Word 

The status word contains the FIFO status, error, and 
display unavailable sigjials. This word is read by the CPU 
when Ao is high and OS and RD are low. See Interface 
Considerations for more detail on status word. 

Data Read 

Data is read when Ao, OS and RD are all low. The source 
of the data is specified by the Read FIFO or Read Display 
commands. The trailing edge of RD will cause the address 
of the RAM being read to be incremented if the Auto- 
Increment flag is set. FIFO reads always increment (if no 
error occurs) independent of Al. 

Data Write 

Data that is written with Ao, CS and WFT low is always 
written to the Display RAM. The address is specified by the 
latest Read Display or Write Display command. Auto- 
Incrementing on the rising edge of WR occurs if Al set by 
the latest display command. 
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INTERFACE CONSIDERATIONS 

Scanned Keyboard Mode, 2-Key Lockout 

There are three possible combinations of conditions 
that can occur during debounce scanning. When a key Is 
depressed, the debounce logic Is set. Other depressed 
keys are looked for during the next two scans. If none 
are encountered, It is a single key depression and the 
key position Is entered into the FIFO along with the 
status of CNTL and SHIFT lines. If the FIFO was empty, 
IRQ will be set to signal the CPU that there is an entry in 
the FIFO. If the FIFO was full, the key will not be entered 
and the error flag will be set. if another closed switch is 
encountered, no entry to the FIFO can occur. If all other 
keys are released before this one, then It will be entered 
to the FIFO. If this key is released before any other, it 
will be entirely ignored. A key is entered to the FIFO 
only once per depression, no matter how many keys 
were pressed along with It or in what order they were 
released. If two keys are depressed within the debounce 
cycle, it is a simultaneous depression. Neither key will 
be recognized until one key remains depressed alone. 
The last key will be treated as a single key depression. 



Scanned Keyboard Mode, N-Key Rollover 

With N-key Rollover each key depression is treated 
independently from all others. When a key is depressed, 
the debounce circuit waits 2 keyboard scans and then 
checks to see if the key is still down. If it is, the key is 
entered into the FIFO. Any number of keys can be 
depressed and another can be recognized and entered 
into the FIFO. If a simultaneous depression occurs, the 
keys are recognized and entered according to the order 
the keyboard scan found them. 

Scanned Keyboard — Special Error Modes 

For N-key rollover mode the user can program a special 
error mode. This is done by the "End Interrupt/Error Mode 
Set" command. The debounce cycle and key-validity 
check are as in normal N-key mode. If during a single 
debounce cycle , two keys are found depressed, this is 
considered a simultaneous multiple depression, and sets 
an error flag. This flag will prevent any further writing into 
the FIFO and will set interrupt (if not yet set). The error flag 
could be read in this mode by reading the FIFO STATUS 
word. (See "FIFO STATUS" for further details.) The error 
flag is reset by sending the normal CLEAR command with 
Of = 1. 

Sensor Matrix Mode 

In Sensor Matrix mode, the debounce logic is inhibited. 
The status of the sensor switch is inputted directly to the 
Sensor RAM. In this way the Sensor RAM keeps an image 
of the state of the switches in the sensor matrix. Although 
debouncing is not provided, this mode has the advantage 
that the CPU knows how long the sensor was closed and 
when it was released. A keyboard mode can only indicate 
a validated closure. To make the software easier, the 
designer should functionally group the sensors by row 
since this is the format in which the CPU will read them. 
The IRQ line goes high if any sensor value change is 
detected at the end of a sensor matrix scan. The IRQ line is 
cleared by the first data read operation if the Auto- 



Increment flag is set to zero, or by the End Interrupt 
command if the Auto-Increment flag is set to one. 

Note: Multiple changes In the matrix Addressed by (SLo-a 
= 0) may cause multiple interrupts. (SLo = in the Decoded 
Mode). Reset may cause the 8279 to see multiple changes. 

Data Format 

In the Scanned Keyboard mode, the character entered 
into the FIFO corresponds to the position of the switch 
in the keyboard plus the status of the CNTL and SHIFT 
lines (non-in verted). CNTL is the MSB of the character 
and SHIFT Is the next most significant bit. The next 
three bits are from the scan counter and indicate the 
row the key was found in. The last three bits are from the 
column counter and indicate to which return line the key 
was connected. 



MSB 



LSB 



CNTL 



SHIFT 



1 r 

SCAN 



-L. 



JL 



—I r 

RETURN 

-J L 



SCANNED KEYBOARD DATA FORMAT 

In Sensor Matrix mode, the data on the return lines is 
entered directly in the row of the Sensor RAM that 
corresponds to the row in the matrix being scanned. 
Therefore, each switch postion maps directly to a Sensor 
RAM position. The SHIFT and CNTL inputs are ignored in 
this mode. Note that switches are not necessarily the only 
thing that can be connected to the return lines in this 
mode. Any logic that can be triggered by the scan lines 
can enter data to the return line inputs. Eight multiplexed 
input ports could be tied to the return lines and scanned by 
the 8279. 



MSB 














LSB 


1 RL7 


RLe 


RL5 


RL4 


RL3 


RL2 


RLi 


RLo 1 



In Strobed Input mode, the data is also entered to the FIFO 
from the return lines. The data is entered by the rising 
edge of a CNTL/STB line pulse. Data can come from 
another encoded keyboard or simple switch matrix. The 
return lines can also be used as a general purpose strobed 
input. 



MSB 














LSB 


1 RL7 


RL6 


RL5 


RL4 


RL3 


RL2 


RLi 


RLo j 



Display 

Left Entry 

Left Entry mode is the simplest display format in that each 
display position directly corresponds to a byte (or nibble) 
in the Display RAM. Address in the RAM is the left-most 
display character and address 15 (or address 7 in 8 
character display) is the right most display character. 
Entering characters from position zero causes the display 
to fill from the left. The 1 7th (9th) character is entered back 
in the left most position and filling again proceeds from 
there. 
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1 



1 


1 


1 2 


1 


1 2 


1 


17 


2 


1 


17 


18 



14 15-* — Display 
RAM 
Address 



1st entry 



2nd entry 



16th entry 



17th entry 



18th entry 



LEFT ENTRY MODE 
(AUTO INCREMENT) 

Right Entry 

Right entry is the method used by most electronic 
calculators. The first entry is placed in the right most 
display character. The next entry is also placed in the right 
most character after the display is shifted left one 
character. The left most character is shifted off the end 
and is lost. 



14 15 O-^DIsplay 
RAM 





14 15 




14 15 


15 


16 


14 15 


15 


16 


14 15 


15 


16 





1 


2 


1st entry 








2 


3 


2nd entry 








3 


4 


3rd entry 











1 


16th entry 


1 


2 




1 


2 


17th entry 


2 


3 




2 


3 


18th entry 


3 


4 







1 


15 1 




1 


2 


1 2 


1 


2 


3 


13 14 15 


14 


15 


16 


14 15 


15 16 


17 


15 1 


16 


17 


18 



RIGHT ENTRY MODE 
(AUTO INCREMENT) 

Note that now the display position and register address do 
not correspond. Consequently, entering a character to an 
arbitrary position in the Auto Increment mode may have 
unexpected results. Entry starting at Display RAM address 
with sequential entry is recommended. 

Auto Increment 

In the Left Entry mode, Auto Incrementing causes the 
address where the CPU will next write to be incremented 
by one and the character appears in the next location. 
With non-Auto Incrementing the entry is both to the same 
RAM address and display position. Entry to an arbitrary 
address in the Auto Increment mode has no undesirable 
side effects and the result is predictable: 



1st entry 



2nd entry 



Command 
10010101 



3rd entry 



4th entry 



12 3 4 5 6 7-^ DI$p% 
RAM 



Addreiss 






1 


2 


3 


4 


5 


6 


7 


1 


2 














12 3 4 5 6 7 


1 


2 






J 









Enter next at Location 5 Auto Increment 
1 2 3 4 5 6 7 



1 


2 








3 






12 3 4 5 6 7 


1 


2 








3 


4 





LEFT ENTRY MODE 
(AUTO INCREMENT) 



In the Right Entry mode, Auto Incrementing and non 
Incrementing have the same effect as in the Left Entry 
except if the address sequence is interrupted: 



1st entry 



2nd entry 



Command 
10010101 



3rd entry 



4th entry 



12 3 4 5 6 7 0-<- Display 
RAM 



2 3 4 5 6 7 1 

"~1 1 2 

2 3 4 5 6 7 1 

j I \ \ K I2 



Enter next at Location 5 Auto Increment 



3 


4 


5 


6 


7 





1 


2 






3 






1 


2 




4 5 6 7 12 3 




3 


4 




1 


2 







RIGHT ENTRY MODE 
(AUTO INCREMENT) 



Starting at an arbitrary location operates as shown below: 
1 2 3 4 5 6 7-<— Display 



Command 
10010101 



1st entry 

2nd entry 
8th entry 
9th entry 



RAM 
Address 



Enter next at Location 5 Auto Increment 



1 


2 


3 


4 


5 


6 


7 



















2 3 4 5 6 7 1 








1 


2 










4 


5 6 


7 


8 


1 


2 


3 




5 


6 


7 


8 


9 


2 


3 


4 



RIGHT ENTRY MODE 
(AUTO INCREMENT) 
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Entry appears to be from the initial entry point. 

8/16 Character Display Formats 

If the display mode is set to an 8 character displays the on 
duty-cycle is double what it would be for a 16 character 
display (e.g., 5.1 ms scan time for 8 characters vs. 10.3 ms 
for 16 characters with 100 kHz internal frequency). 

G. FIFO Status 

FIFO status is used in the Keyboard and Strobed Input 
modes to indicate the number of characters in the FIFO 
and to indicate whether an error has occurred. There are 
two types of errors possible: overrun and underrun. 
Overrun occurs when the entry of another character into a 
full FIFO is attempted. Underrun occurs when the CPU 
tries to read an empty FIFO. 

The FIFO status word also has a bit to indicate that the 
Display RAM was unavailable because a Clear Display or 
Clear All command had not completed its clearing 
operation. 



fIJiOsta 



status 
ition 



,^^U 



In a Sensor Matrix mode, a bit is SJ^ i^ tn||^ 

word to indicate that at least one sensor c^Oaun'' 

is contained in the Sensor RAM. 

In Special Error Mode the S/E bit is showing the^^wr^r'^l 

and serves as an indication to whether a simutt^'^jo^usl 

multiple closure error has occurred. '',/ \^ 

FIFO STATUS WORD 
X FIFO Full 






S/E 



ii li 



X 



_ Number of 
characters In FIFO 
■ Error-Underrun 
Error-Overrun 

Sensor Closure/Error Flag for 
Multiple Closures 
Display unavailable 



APPLICATIONS 



8-BIT 

MICRO- DATA 

PROCESSOR BUS 

SYSTEM 



GO""' 



•{ 



ADDRESS/ 
BUS\ 



X. 



RETURN 
LINES 



KEYBOARD 
MATRIX 



8 COLUMNS 
8 ROWS 



7T 



SHIFT CNTL 
INT 



iz 



"I 



lOR 

I 

low 

RESET 
CS 
AO 
CLK„ 



3 -8DEC0DER 



4Z: 



75 — 

_r 3 LSB* 



4 * 16 DECODER 



BLANK 
DISPLAY 



7=> 



7:=> 




\7 



ADDRESSES 
(DECODED) 



DISPLAY 

CHARACTERS 

DATA 



*Do not drive the Keyboard decoder with the MSB of the scan lines. 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature 0°Cto 70°C 

Storage Temperature -65°C to 125°C 

Voltage on any Pin with 

Respect to Ground -0.5V to +7V 

Power Dissipation 1 Watt 



*COMMENT: Stresses above those listed vnd^ "Ak^solute 
Maximum Ratings" may cause permanent dama^.0 fhe 
device. This is a stress rating only and funt:tional''a0^^-^ 
tion of the device at these or any other condit^sabcA^^ 
those indicated in the operational sections of this sped fi- ^\^,-' 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



O.C. CHARACTERISTICS 

Ta = 0°C to 70° C, Vss = OV, Note 1 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


V|L1 


Input Low Voltage for 
Return Lines 


-0.5 


1.4 


V 




V|L2 


Input Low Voltage for All Others 


-0.5 


0.8 


V 




V|H1 


Input High Voltage for 
Return Lines 


2.2 




V 




V|H2 


Input High Voltage for All Others 


2.0 




V 




Vol 


Output Low Voltage 




0.45 


V 


Note 2 


VOH 


Output High Voltage on Interrupt 
Line 


3.5 




V 


Notes 


l|L1 


Input Current on Shift, Control and 
Return Lines 




+10 
-100 


AtA 
MA 


V|N = Vcc 
V,N = OV 


l|L2 


Input Leakage Current on All Others 




±10 


iuA 


V|N = Vcc to OV 


'OFL 


Output Float Leakage 




±10 


ma 


VoUT = Vcc to OV 


Ice 


Power Supply Current 




120 


mA 





Notes: 

1. 8279, Vcc = +5V ±5%; 8279-5, Vcc = +5V ±10%. 

2. 8279, IQL = 1.6mA; 8279-5, Iql = 2.2mA. 

3. 8279, loH = -IOOmA; 8279-5, Iqh = -400mA. 



CAPACITANCE 



SYMBOL 


TEST 


TYP. 


MAX. 


UNIT 


TEST CONDITIONS 


Cin 


Input Capacitance 


5 


10 


PF 


Vin=Vcc 


Cout 


Output Capacitance 


10 


20 


pF 


Vout=Vcc 
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A.C. CHARACTERISTICS 

Ta = 0°C to 70°C, Vss = OV, (Note 1 ) 

Bus Parameters 
Read Cycle: 



Symbol 


Parameter 


8279 

Min. 


Max. 


8279-5 
Min. Max. 


Unit 


tAR 


Address Stable Before READ 


50 





ns 


tRA 


Address Hold Time for READ 


5 





ns 


tRR 


READ Pulse Width 


420 


250 


ns 


tRD^^l 


Data Delay from READ 


300 


150 


ns 


tADl21 


Address to Data Valid 


450 


250 


ns 


tDF 


READ to Data Floating 


10 


100 


10 100 


ns 


tRCY 


Read Cycle Time 


1 


1 


jUS 


Write Cycle: 


Symbol 


Parameter 


8279 

Min. 


Max. 


8279-5 
Min. Max. 


Unit 






50 







tAW 


Address Stable Before WRITE 


ns 


tWA 


Address Hold Time for WRITE 


20 





ns 


tww 


WRITE Pulse Width 


400 


250 


ns 


tow 


Data Set Up Time for WR ITE 


300 


150 


ns 


tWD 


Data Hold Time for WRITE 


40 





ns 



Notes: 

1. 8279, Vcc = +5V ±5%; 8279-5, Vqc = +5V ±10%. 

2. 8279, Cl = 1 0OpF; 8279-5, Cl = 1 50pF. 

Other Timings: 



Symbol 


Parameter 


8279 

Min. Max. 


8279-5 
Min. Max. 


Unit 


t0W 


Clock Pulse Width 


230 


120 


nsec 


tcY 


Clock Period 


500 


320 


nsec 



Keyboard Scan Time: 5.1 msec 

Keyboard Debounce Time: 10.3 msec 

Key Scan Time: 80 jusec 

Display Scan Time: 10.3 msec 



Digit-on Time: 480 /isec 

Blanking Time: 1 60 Msec 

Internal Clock Cycle: lOjUsec 



Input Waveforms For A.C. Tests 
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WAVEFORMS 



Read Operation 



Ao,CS \/^ 



\ 



DATA BUSvWWW wW^^^^^^^^^^^'^^^W 
UAiABU&v\\\\\\\\\\^,Q^ IMPEDANCEV 



X 



/ 



-DATA VALID- 



V 



(SYSTEM'S 
ADDRESS BUS) 



(READ CONTROL) 



!»JsaMm 



Write Operation 



Ao, CS V 



DATA BUS 
(INPUT) 



^. 



DATA 
MAY CHANGE 



K 



-*DW- 



/ 



V-« DATA VALID ^V 



DATA 
MAY CHANGE 



(SYSTEM'S 
ADDRESS BUS) 



(WRITE CONTROL) 



Cloci( input 




-t^w- 



\___y — ^s / 
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8279 SCAN TIMING 



SCAN WAVEFORMS 



hrM 



/v^vyv^vy\^vyv 



r^ r^^_^^A 



/ 



ENCODED 
SCAN 



/ 



V 



/ 



/ 



V 



V 



V 



V 



\/ 



DECODED 
SCAN 



\/ 



V 



V 



V 



V 



V 



V 



V 



V 



V 



V 



DISPLAY WAVEFORMS 



\ 



A0-A3 
ACTIVE HIGH 



H 



\f BLANK Y 

A ^t" a 



BLANK 
CODE' 



D( 



/ 



ASSUME INTERNAL FREQUENCY=100 kHz 
SOtcY = ''0MS 



Y BLANK \f 

A 'T' A 



)C 



BLANK y 
CODE* J ^ 



\ 



*BLANK CODE IS EITHER ALL 
O's OR ALL 1's OR 20 HEX 



/ 



/ 



A <^- A 



X BLANK V 



\ 



OmS — ^ 1 u_ CONDITIONAL WRITE TO FIFO 

fiS— ^ W-RLo 



RLo RLi RL2 RL3 RL4 RL5 RLe RL7 RLo RLi RLj RL3 RL4 RL5 RLe RL7 



-RLo SELECTED, LATCHED 



RETURN LINES ARE SAMPLED ONE AT A TIME AS SHOWN. 



NOTE: SHOWN IS ENCODED SCAN LEFT ENTRY 

S2-S3 ARE NOT SHOWN BUT THEY ARE SIMPLY Si DIVIDED BY 2 AND 4 
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8291 
GPIB TALKER/LISTENER 



Designed to Interface Microprocessors 
(e.g., 8080, 8085, 8086, 8048) to an 
IEEE Standard 488 Digital Interface 
Bus 

Programmable Data Transfer Rate 

Complete Source and Acceptor 
Handshake 

Complete Talker and Listener 
Functions with Extended Addressing 

Service Request, Parallel Poll, Device 
Clear, Device Trigger, Remote/Local 
Functions 

Selectable Interrupts 

On-Chip Primary and Secondary 
Address Recognition 

Automatic Handling of Addressing and 
Handshake Protocol 

Provision for Software Implementation 
of Additional Features 



1-8 MHz Clock Range 

16 Registers (8 Read, 8 Write), 2 for 
Data Transfer, the Rest for Interface 
Function Control, Status, etc. 

Directly Interfaces to External Non- 
Inverting Transceivers for Connection 
to the GPIB 

Provides Three Addressing Modes, 
Allowing the Chip to be Addressed 
Either as a Major or a Minor Talker/ 
Listener with Primary or Secondary 
Addressing 

DMA Handshake Provision Allows for 
Bus Transfers without CPU Intervention 

Trigger Output Pin 

On-Chip EOS (End of Sequence) 
Message Recognition Facilitates 
Handling of Multi-Byte Transfers 



The 8291 GPIB Talker/Listener is a microprocessor-controlled chip designed to interface microprocessors (e.g., 8048, 
8080, 8085, 8086) to an IEEE Standard 488 Instrumentation Interface Bus. It implements all of the Standard's interface 
functions except for the controller. 



PIN CONFIGURATION 



BLOCK DIAGRAM 




O 



C 



8 READ 
REGISTERS 



c 



c 



8 WRITE 
-y/\ REGISTERS 



:> 



INTERFACE 
FUNCTIONS 



IE 
LE 
SR 



/k 



n 



MESSAGE 
DECODER 



GPIB CONTROL 



T/R CONTROL 



;> 



> 



TO NON-INVERTING 
BUS TRANSCEIVERS 
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PIN DESCRIPTION 



Symbol I/O Pin No. 



Function 



cs 



RD 



DMA REQ O 6 



D0-D7 I/O 12-19 Data bus port, to be connected 

to microprocessor data bus. 

RS0-RS2 I 21-23 Register select inputs, to be con- 

nected to three non-multiplexed 
microprocessor address bus 
lines. Select which of the 8 in- 
ternal read (write) registers will 
be read from (written into) with 
the execution of RD (WR). 

I 8 Chip select. When low, enables 

reading from or writing into the 
register selected by RS0-RS2. 

I 9 Read strobe. When low, selected 

register contents are read by the 
CPU. 

WR I 10 Write strobe. When low, data is 

written into the selected register. 

INT (INT) O 11 Interrupt request to the micro- 

processor, set high for request 
and cleared when the appropri- 
ate register is accessed by the 
CPU. May be software config- 
ured to be active low. 

DMA request, normally low, set 
high to indicate byte output or 
byte input, in DMA mode; reset 
by DMA ACK. 

DMA acknowledge. When low, 
resets DMA REQ and selects 
data in/data out register for 
DMA data transfer (actual trans- 
fer done by RD/WR pulse). 

TRIG O 5 Trigger output, normally low; 

generates a triggering pulse cor- 
responding to the GET com- 
mand. 

CLOCK I 3 External clock input, used for 

internal time delays generator. 
May be any speed in 1-8 MHz 
range. 

RESET I 4 Reset input. When high, forces 

the device into an "Idle" (initiali- 
zation) mode. The device will re- 
main at "Idle" until released by 
the microprocessor. 

DTOi-DTOs I/O 28-35 8-bit GPIB data port, used for 

bidirectional data byte transfer 
between 8291 and GPIB via non- 
inverting external line trans- 
ceivers. 

DAV I/O 36 Data valid; GPIB handshake 

control line. Indicates the avail- 
ability and validity of infor- 
mation on the DIO lines. 



DMA ACK 



Symbol I/O Pin No. 



Function 



NRFD I/O 37 Not ready for data; GPIB hand- 

shake control line. Indicates the 
condition of readiness of de- 
vice(s) connected to the bus to 
accept data. 

NDAC I/O 38 Not data accepted; GPIB hand- 

shake control line. Indicates the 
condition of acceptance of data 
by the device(s) connected to 
the bus. 

ATN I 26 Attention; GPIB command line. 

Specifies how data on DIO lines 
are to be interpreted. 

IPC I 24 Interface clear; GPIB command 

line. Places the interface func- 
tions in a known quiescent state. 

SRQ O 27 Service request; GPIB command 

line. Indicates the need for 
attention and requests an inter- 
ruption of the current sequence 
of events on the GPIB. 

REN I 25 Remote enable; GPIB command 

line. Selects (in conjunction with 
other messages) remote or local 
control of the device. 

EOl I/O 39 End or identify; GPIB command 

line. Indicates the end of a 
multiple byte transfer sequence 
or, in conjunction with ATN, 
addresses the device during a 
polling sequence. 

T/R1 O 1 External transceivers control 

line. Set high to indicate output 
data/signals on the DIOi-DIOs 
and DAV lines and input signals 
on the NRFD and NDAC lines 
(active source handshake). Set 
low to indicate input data/ 
signals on the DIOi-DIOs and 
DAV lines and output signals on 
the NRFD and NDAC lines (ac- 
tive acceptor handshake). 

T/R2 O 2 External transceivers control 

line. Set high to indicate output 
signals on the EOl line. Set low 
to indicate expected input signal 
on the EOl line during parallel 
poll. 

Vcc P.S. 40 Positive power supply (5V ± 

10%). 

GND P.S. 20 Potential ground circuit. 



Note: all signals on the 8291 pins are specified with positive logic. 
However, IEEE 488 specifies negative logic on its 16 signal lines. 
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8291 SYSTEM DIAGRAM 



IT. 



MICROPROCESSOR SYSTEM BUS 



E 



8257 
DMA 



h* 



I CONTROLLER ' 
I (OPTIONAL) I- 

L . » J 





T/R2 




8291 

GPIB 

INTERFACE 


T/R1 










c 








NON-INVERTING 

BUS 
TRANSCEIVERS 







GENERAL PURPOSE INTERFACE BUS 



THE GENERAL PURPOSE INTERFACE 
BUS (GPIB) 

The General Purpose Interface Bus (GPIB) is defined in 
the IEEE Standard 488-1975 "Digital Interface for 
Programmable Instrumentation." Although a knowledge 
of this standard is assumed, Figure 1 provides the bus 
structure for quick reference. Also, Tables 1 and 2 
reference the interface state mnemonics and the Interface 
messages respectively. Modified state diagrams for the 
8291 are presented In Appendix A. 

GENERAL DESCRIPTION 

The 8291 Is a microprocessor controlled device de- 
signed to interface microprocessors e.g., 8048, 8080, 
8085, 8086 to the GPIB. It implements all of the interface 
functions defined in the IEEE 488 Standard. If an imple- 
mentation of the Standard's Controller function is 
desired, it can be connected with an Intel® 8292 to form 
a complete interface. 

The 8291 handles communication between a microproc- 
essor controlled device and the GPIB. Its capabilities In- 
clude data transfer, handshake protocol, talker/listener 
addressing procedures, device clearing and triggering, 
service request, and both serial and parallel polling 
schemes. In most procedures, It does not disturb the 
microprocessor unless a byte Is waiting on Input or a 
byte sent on output (output buffer empty). 

The 8291 architecture Includes 1 6 registers. Eight of these 
registers may be written into by the microprocessor. The 
other eight registers may be read by the microprocessor. 
One each of these read and write registers is for direct data 
transfers. The rest of the write registers control the various 
features of the chip, while the rest of the read registers 
provide the microprocessor with a monitor of GPIB states, 
various bus conditions, and device conditions. 



DEVICE A 

ABLE TO 

TALK, LISTEN, 

AND 

CONTROL 

(e.g. calculator) 



ABLE TO 

TALK AND 

LISTEN 

(e.g. digital 
multimeter) 



ONLY ABLE 
TO LISTEN 



(e.g. signal 
generator) 



ONLY ABLE 
TO TALK 



C 



n 









c 



DATA BYTE 
TRANSFER 
CONTROL 



GENERAL 

INTERFACE 

MANAGEMENT 



DAV 

NRFD 

NDAC 

IFC 
ATN 
SRQ 
REN 
EOl 



Figure 1. Interface Capabilities and Bus Structure. 
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GPIB Addressing 

Each device connected to the GPIB must have at least one 
address whereby the controller device in charge of the bus 
can configure it to talk, listen, or send status. An 8291 
implementation of the GPIB offers the user three 
addressing modes from which the device can be initialized 
for each application. The first of these modes allows for 
the device to have two separate primary addresses. The 



second mode allows the user to {mplement a single 
talker/listener with a two byte address (primary address + 
secondary address). The third mode again allows fortwo 
distinct addresses but in this instance, they can each hav© . 
a two-byte address. However, this mode requires that the 
secondary addresses be passed to the microprocessor for 
verification. These three addressing schemes are des- 
cribed in more detail in the discussion of the Address 
registers. 



TABLE 1. 
IEEE 488 INTERFACE STATE MNEMONICS 



Mnemonic 


State Represented 


ACDS 


Accept Data State 


ACRS 


Acceptor Ready State 


AIDS 


Acceptor Idle State 


ANRS 


Acceptor Not Ready State 


APRS 


Affirmative Poll Response State 


AWNS 


Acceptor Wait for New Cycle State 


1 CACS 


Controller Active State . 


1 CADS 


Controller Addressed State | 


1 CAWS 


Controller Active Wait State 1 


1 CIDS 


Controller Idle State 1 


1 CPPS 


Controller Parallel Poll State ' 


1 CPWS 


Controller Parallel Poll Wait State | 


1 CSBS 


Controller Standby State 


CSNS 


Controller Service Not Requested State | 


1 CSRS 


Controller Service Requested State i 


1 CSWS 


Controller Synchronous Wait State 1 


[_CTRS 


Controller Transfer State j 


DCAS 


Device Clear Active State 


DCIS 


Device Clear Idle State 


DTAS 


Device Trigger Active State 


DTIS 


Device Trigger Idle State 


LACS 


Listener Active State 


LADS 


Listener Addressed State 


LIDS 


Listener Idle State 


LOGS 


Local State 


LPAS 


Listener Primary Addressed State 


LPIS 


Listener Primary Idle State 


LWLS 


Local With Lockout State 


NPRS 


Negative Poll Response State 



Mnemonic 


State Represented 


PACS 


Parallel Poll Addressed to Configure State 


PPAS 


Parallel Poll Active State 


PPIS 


Parallel Poll Idle State 


PPSS 


Parallel Poll Standby State 


PUGS 


Parallel Poll Unaddressed to Configure State 


REMS 


Remote State 


RWLS 


Remote With Lockout State 


SACS 


System Control Active State 


SDYS 


Source Delay State 


SGNS 


Source Generate State 


SIAS 


System Control Interface Clear Active State 


SIDS 


Source Idle State 


SIIS 


System Control Interface Clear Idle State 


SINS 


System Control Interface Clear Not Active State 


SIWS 


Source Idle Wait State 


SNAS 


System Control Not Active State 


SPAS 


Serial Poll Active State 


SPIS 


Serial Poll Idle State 


SPMS 


Serial Poll Mode State 


SRAS 


System Control Remote Enable Active State 


SRIS 


System Control Remote Enable Idle State 


SRNS 


System Control Remote Enable Not Active State 


SRQS 


Service Request State 


STRS 


Source Transfer State 


SWNS 


Source Wait for New Cycle State 


TAGS 


Talker Active State 


TADS 


Talker Addressed State 


TIDS 


Talker Idle State 


TPIS 


Talker Primary Idle State 



- The Controller function is Inriplemented on the Intel® 8292. 
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TABLE 2. 
IEEE 488 INTERFACE MESSAGE REFERENCE LIST 



Mnemonic 


Message 


Interface Functlon(s) 


LOCAL MESSAGES RECEIVED (By Interface Functions) 


*gts 


go to standby 


C 


jst 


individual status 


PP 


ion 


listen only 


L, LE 


Ipe 


local poll enable 


PP 


nba 


new byte available 


SH 


pon 


power on 


SH,AH,T,TE,L,LE,SR,RL,PP,C 


rdy 


ready 


AH 


*rpp 


request parallel poll 


C 


*rsc 


request system control 


C 


rsv 


request service 


SR 


rtl 


return to local 


RL 


*sic 


send interface clear 


C 


*sre 


send remote enable 


C 


*tca 


take control asynchronously 


C 


*tcs 


take control synchronously 


AH, C 


ton 


talk only 


T, TE 


REMOTE MESSAGES RECEIVED 




ATN 


Attention 


SH,AH,T.TE,ULE,PP.C 


DAB 


Data Byte 


(Via L, LE) 


DAC 


Data Accepted 


SH 


DAV 


Data Valid 


AH 


DCL 


Device Clear 


DC 


END 


End 


(via L, LE) 


GET 


Group Execute Trigger 


DT 


GTL 


Go to Local 


RL 


IDY 


Identify 


L.LE.PP 


IFC 


Interface Clear 


T,TE,L,LE,C 


LLO 


Local Lockout 


RL 


MLA 


My Listen Address 


L,LE,RL,T,TE 


MSA 


My Secondary Address 


TE,LE,RL 


MTA 


My Talk Address 


T,TE,L,LE 


OSA 


Other Secondary Address 


TE 


OTA 


Other Talk Address 


T, TE 


PCG 


Primary Command Group 


TE,LE,PP 


tPPC 


Parallel Poll Configure 


PP 


t[PPD) 


Parallel Poll Disable 


PP 


t[PPE] 


Parallel Poll Enable 


PP 


*PPRn 


Parallel Poll Response N 


(via C) 


tPPU 


Parallel Poll Unconfigure 


PP 


REN 


Remote Enable 


RL 


RFD 


Ready for Data 


SH 


RQS 


Request Service 


(via L, LE) 


[SDC] 


Select Device Clear 


DC 


SPD 


Serial Poll Disable 


T, TE 


SPE 


Serial Poll Enable 


T, TE 


*SQR 


Service Request 


(via C) 


STB 


Status Byte 


(via L, LE) 


*TCTor [TCT] 


Take Control 


C 


UNL 


Unlisten 


L, LE 



'^'^^Md 



*These messages are handled only by Intel's 8292. 

fUndefined commands which may be passed to the microprocessor. 
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TABLE 2. (Cont'd) 
IEEE 488 INTERFACE MESSAGE REFERENCE LIST 



■^'4^!: 



Mnemonic 



Message 



** Interface Function(s) 



REMOTE MESSAGES SENT 



ATN 


Attention 


C 


DAB 


Data Byte 


(via T, TE 


DAC 


Data Accepted 


AH 


DAV 


Data Valid 


SH 


DCL 


Device Clear 


(via C) 


END 


End 


(viaT) 


GET 


Group Execute Trigger 


(via C) 


GTL 


Go to Local 


(via C) 


IDY 


Identify 


C 


IFC 


Interface Clear 


C 


LLO 


Local Lockout 


(via C) 


MLA or [MLA] 


My Listen Address 


(viaC) 


MSA or [MSA] 


My Secondary Address 


(via C) 


MTA or [MTA] 


My Talk Address 


(via C) 


OSA 


Other Secondary Address 


(via C) 


OTA 


Other Talk Address 


(via C) 


PCG 


Primary Command Group 


(via C) 


PPG 


Parallel Poll Configure 


(via C) 


[PPD] 


Parallel Poll Disable 


(via C) 


[PPE] 


Parallel Poll Enable 


(via C) 


PPRn 


Parallel Poll Response N 


PP 


PPU 


Parallel Poll Unconfigure 


(via C) 


REN 


Remote Enable 


C 


RFD 


Ready for Data 


AH 


RQS 


Request Service 


T, TE 


[SDC] 


Selected Device Clear 


(via C) 


SPD 


Serial Poll Disable 


(via C) 


SPE 


Serial Poll Enable 


(via C) 


SRQ 


Service Request 


SR 


STB 


Status Byte 


(via T, TE 


TCT 


Take Control 


(via C) 


UNL 


Unlisten 


(via C) 



*AII Controller messages must be sent via Intel's 8292. 
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8291 Registers 

A bit-by-bit map of the 16 registers on the 8291 is 
presented in Tabie 3. A more detailed explanation of each 
of these registers and their functions follows. The access 
of these registers by the microprocessor is accomplished 
by using the CS, RD, WR, and RS0-RS2 pins. 

Register _£§_ _RD WR RS0-RS2 

All Read Registers 
All Write Registers 
Don't Care 









1 


ccc 





1 





ccc 


1 


X 


X 


XXX 



TABLE 3. 8291 REGISTERS 



READ REGISTERS 



REGISTER SELECT 
CODE 



WRITE REGISTERS 



RS2 RSI RSO 





DI7 


DI6 


DI5 


DI4 


DI3 


DI2 


DM 


DIO 








DATA IN 




OPT 


APT 


GET 


END 


DEC 1 


ERR 


BO 


Bl 








INTERRUPT STATUS 1 




INT 


SPAS 


LLC 


REM 


SPASC 


LLOC 


REMC 


A DSC 








INTERRUPT STATUS 2 




88 


SRQS 


S6 


S5 


S4 


S3 


S2 


SI 








SERIAL POLL STATUS 




ton 


ion 


EOI 


LPAS 


TPAS 


LA 


TA 


MJMN 








ADDRESS STATUS 




CPT7 


CPT6 


CPT5 


CPT4 


CPT3 


CPT2 


CPT1 


CPTO 








COMMAND PASS THROUGH 




X 


DTO 


DLO 


AD5-0 


AD4-0 


AD3-0 


AD2-0 


AD1-0 








ADDRESS 


■?■ 


X 


DTI 


DL1 


AD5-1 


AD4-1 


AD3-1 


AD2-1 


ADM 


H 








ADC 


)RESS1 

















1 



D07 


D06 


005 


D04 


D03 


DO 2 


D01 


DOO 


DATA OUT 


OPT 


APT 


GET 


END 


DEC 


ERR 


BO 


Bl 


INTERRUPT MASK 1 








DMAO OMAI 


SPASC 


LLOC 


REMC 


A DSC 


INTERRUPT MASK 2 


S8 


rsv 


S6 


S5 


S4 


S3 


S2 


SI 


SERIAL POLL MODE 


TO 


LO 














ADMl 


ADMO 


ADDRESS MODE 


CNT2 


CNTI 


CNTO 


COM4 


COM3 


COM2 


C0M1 


COMO 


AUXMODE 


ARS 


DT 


DL 


AD5 


AD4 


ADS 


AD2 


AD1 


ADDRESS 0/1 


EC? 


EC6 


EC5 


EC4 


EC3 EC2 


EC1 


ECO 



EOS 



Data Registers 



DI7 


DI6 


DI5 


DI4 


DI3 


DI2 


on 


DIO 


DATA-IN REGISTER (OR) 


D07 


D06 


DOB 


D04 


D03 


D02 


D01 


DOO 



DATA-OUT REGISTER (OW) 



The data-in register is used to move data from the GPIB to 
the microprocessor or to memory when the 8291 is 



addressed to listen. Incoming information is separately 
latched by this register, and its contents are not destroyed 
by a write to the data-out register. The RFD (Ready for 
Data) message is held false until the byte is removed from 
the data In register, either by the microprocessor or by 
DMA. The 8291 then completes the handshake automati- 
cally. In RFD/DAV holdoff mode (see Auxiliary Register 
A), the handshake is not finished until a command is sent 
telling the 8291 to release the holdoff. In this way, the same 
byte may be read several times, or an over anxious talker 
may be held off until all available data has been processed. 
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When the 8291 is addressed to talk, it uses the data-out 
register to move data onto the GPIB. Upon a write to this 
register, the 8291 initiates and completes the handshake 
while sending the byte out over the bus. When the 



RFD/DAV holdoff mode is in effect, data is held until the 
release command is issued. Also, a read of ttie data-in 
register does not destroy the information in the data-out 
register. 



Interrupt Registers 



OPT 


APT 


GET 


END 


DEC 


ERR 


BO 


Bi 


INTERRUPT STATUS 1 (1R) 


INT 


SPAS 


LLC 1 


REM 


SPASC 


LLOC 


REMC 


A DSC 



INTERRUPT STATUS 2 (2R) 



CPT 


APT 


GET 


END 


DEC 


ERR 


BO 


BI 


INTERRUPT MASK 1 (IW) 








DMAO 


DMAI 


SPASC 


LLOC 


REMC 


ADSC 



INTERRUPT MASK 2 (2W) 



The 8291 can be configured to generate an interrupt to the 
microprocessor upon the occurrence of any of 12 
conditions or events on the GPIB. Upon receipt of an 
interrupt, the microprocessor must read the Interrupt 
Status registers to determine which event has occurred, 
and then execute the appropriate service routine (if 
necessary). Each of the 12 interrupt status bits has a 
matching mask bit in the interrupt mask registers. These 
mask bits are used to select the events that will cause the 
INT pinto be asserted. Writing a logic "1" into any of these 
bits enables the corresponding interrupt status bits to 



generate an interrupt. Bits in the Interrupt Status registers 
are set regardless of the states of the mask bits. The 
Interrupt Status registers are then cleared upon being 
read or when a local pon (power-on) message is executed. 
If an event occurs while one of the Interrupt Status 
registers is being read, the event is typically held until after 
its register is cleared and then placed in the register. 
The mnemonics for each of the bits in these registers and a 
brief description of their respective functions appears in 
Table 4. This table also indicates how each of the interrupt 
bits is set. 



TABLE 4. Interrupt Bits 



Indicates Undefined Commands 
Set by (TPAS+ LPAS).SCG.ACDS»MODE 3 

Set by DTAS 

Set by (EOS+EOI)»LACS 

Set by DCAS 

Set by TACS«nba«DAG«RFD 

TACS.(SWNS + SGNS) 
Set by LACS-ACDS 



CPT 



APT 



GET 



END 



DEC 



ERR 



BO 



BI 



An undefined command has been received. 

A secondary address must be passed through 
to the microprocessor for recognition. 

A group execute trigger has occurred. 

An EOS or EOl message has been received. 

Device Clear Active State has occurred. 

Interface error has occurred; no listeners 
are active. 

A byte has been output. 

A byte has been input. 



Shows status of the INT pin 

The device has been enabled for a serial poll 

The device is in local lock out state. 
(LWLS+RWLS) 

The device is in a remote state. 
(REMS+RWLS) 



SPAS^^SPAS 

LLOJSIO LLO 

Remote_J_ocal 

Addressed Unaddressed 



INT 



SPAS 



LLO 



REM 



SPASC 



LLOC 



RLC 



ADSC 



These are status only. They will not generate 
— interrupts, nor do they have corresponding 
mask bits. 



Serial Poll Active State change interrupt 
Local lock out change interrupt. 
Remote/Local change interrupt. 
Address status change interrupt.* 



*ln ton (talk-only) and Ion (lis<en-only) modes, no ADSC interrupt is generated. 
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The BO and Bl interrupts enable the user to perform data 
transfer cycles. BO indicates that a byte has been sent to 
the GPIB and a new data byte may be written into the Data 
Out register. It is set by the occurrence of TAGS • (SWNS 
4-SGNS). Hence, it is reset when a data byte is written into 
the Data Out register, when ATN is asserted on the 
GPIB, or when the device stops being addressed to talk. 
Similarly, Bl is set when an input byte is accepted into the 
8291 and reset when the microprocessor reads the Data I n 
register. BO and Bl are also reset by pon (power-on local 
message) and by a read of the Interrupt Status 1 register. 
However, if it is so desired, data transfer cycles may be 
performed without reading the Interrupt Status 1 register 
if all interrupts except for BO or Bl are masked; BO and Bl 
will automatically reset after each byte is transferred. 

If the 8291 is used without DMA, the BO and Bl interrupts 
may be enabled through the DMA REQ pin. The DMAO 
and DMAI bits in the Interrupt Mask 2 register would be the 
corresponding mask bits for this feature. Thus, imple- 
menting this feature, with BO and Bl masked from the INT 
pin, allows for servicing of these interrupts without 
reading the Interrupt Status registers. 

The ERR bitissettoindicatethe bus error condition where 
the 8291 is an active talker, tries sending a byte to the 
GPIB, but there are no active listeners (e.g., all devices on 
the GPIB are in AIDS). The logical equivalent of (nba • 
TAOS • DAG • RFD) will set this bit. 

The DEG bit is set whenever DCAS has occurred. The user 
must define a known state to which all device functions 
will return in DGAS. Typically this state will be a power-on 
state. However, the state of the device functions at DGAS 
is at the designer's discretion. It should be noted that 
DGAS has no effect on the interface functions which are 
returned to a known state by the IFG (interface clear) 
message or the pon local message. 

The End Interrupt bit may be used by the microprocessor 
to detect that a multi-byte transfer has been completed. 
The bit will be set when the 8291 is an active listener 
(LAGS) and either EOS or EOl is received. EOS will 
generate an interrupt when the byte in the Data In regis- 
ter matches the byte In the EOS register. Otherwise the 
interrupt will be generated when a true input is detected at 
the EOl pin of the 8291. 

The GET interrupt bit is used by the microprocessor to 
detect that DTAS has occurred. It is set by the 8291 when 
the GET message Is received while it is addressed to lis- 
ten. The TRIG output pin of the 8291 is also asserted 
when the GET message is received. Thus, the basic 
operation of the device may be started without involving 
the microprocessor. 

The APT interrupt bit indicates to the processor that a 
secondary address is available in the OPT register for 
validation. This interrupt will only occur if Mode 3 
addressing is in effect. (Refer to the section on 
addressing.) In Mode 2, secondary addresses will be 
recognized on the 8291. They will be ignored in Mode 1. 



The OPT interrupt bit flags the occurrence of an unde- 
fined command and of all secondary commands follow- 
ing an undefined command. The Command pas$ 
through feature is enabled by the BO bit of Auxiliary 
register B. 

UDG = [UCGjf AGG(TADS»PPC 
-I- LADS»TGT)]»undefined«BO 
where: 
AGG — Addressed Gommand Group 
UGG — Universal Gommand Group 
SGG — Secondary Gommand Group 

Any message not decoded by the 8291 (not included in the 
state diagrams in Appendix B) becomes an undefined 
command. Note from the logic equation that any 
addressed command is automatically ignored when the 
8291 is not addressed. 

Undefined commands are read by the GPU from the 
Gommand Pass Through Register of the 8291. Until this 
register is read, the 8291 will hold off the handshake (only 
if the OPT feature is enabled). 

An especially useful feature of the 8291 is its ability to 
generate interrupts from state transitions in the interface 
functions. In particular, the lower 4 bits of the Interrupt 
Status 2 register, if enabled by the corresponding mask 
bits, will cause an interrupt upon changes in the following 
states as defined in IEEE 488: 

Bit ADSG 

Bit 1 RLG 

Bit 2 LLOG 

Bit 3 SPASG 



change in LIDS or TIDS or MJMN 
change in LOGS or REMS 
change in LWLS or RWLS 
change in SPAS 



The upper 4 bits of the Interrupt Status 2 register are 
available to the processor as status bits. Thus, if one of the 
bits 1-3 generates an interrupt indicating a state change 
has taken place, the corresponding status bit (bits 5-7) 
may be read to determine what the new state is. To 
determine the nature of a change in addressed status (bit 
0) the Address Status Register is available to be read. And 
finally, bit 7 monitors the state of the 8291 INT pin. 
Logically, it is an OR of all unmasked interrupt status bits. 
One should note that bits 4-7 of the Interrupt Status 2 
Register do not generate interrupts, but are available only 
to be read as status bits by the processor. 

Bits 4 and 5 (DMAI, DMAO) of the Interrupt Mask 2 
Register are available to enable direct data transfers 
between memory and the GPIB, DMAI (DMA in) enables 
the DMA REQ (DMA request) pin of the 8291 to be 
asserted upon the occurrence of Bl. Similarly, DMAO 
(DMA out) enables the DMA REQ pin to be asserted upon 
the occurrence of BO. One might note that the DMA REQ 
pin may be used as a second interrupt output pin, 
monitoring Bl and/or BO and masked by DMAI and 
DMAO. One should note that the DMA REQ pin is not 
affected by a read of the Interrupt Status 1 Register. It is 
reset whenever a byte is written to the Data Out Register or 
read from the Data in Register. 

To ensure that an interrupt status bit will not be cleared 
without being read, and will not remain uncleared after 
being read, the 8291 implements a special interrupt 



11-172 



8291 



handling procedures. When an unmasked interrupt bit Is 
set in either of the Interrupt Status Registers, the input 
of the registers are blocked until the set bit is read and 
reset by the microprocessor. Thus, potential problems 
arise when interrupt status changes while the register is 
being blocked. However, the 8291 stores all new inter- 
rupts in a temporary register and transfers them to the 
appropriate interrupt Status Register after the interrupt 



has been reset. In the Interrupt $tatu§ 1 Begipter and in 
ADSC bit, this transfer takes place only if th@ ^jSrrtspon- 
ding bits were read as zeroes. For the othef sWus 
change bits in the Interrupt Status 2 Rf^^istei', tJi# 
transfer will always take place. However, even number 
of changes in these status bits during blocking time will 
cause no interrupt. 



Serial Poll Registers 



S8 


SRQS 


S6 


S5 


S4 


S3 


S2 


SI 



SERIAL POLL STATUS (3R) 

The Serial Poll Mode Register is used to establish the 
status byte that the 8291 sends out on the GPIB data lines 
when it receives the SPE (Serial Poll Enable) message. Bit 
6 of this register is reserved for the rsv (request service) 
local message. Setting this bit to 1 causes the 8291 to 
assert its SRQ line, indicating its need for attention from 
the controller-in-charge of the GPIB. When service has 
been granted, the bit should be cleared by the 
microprocessor. The other bits of this register are 
available for sending status information over the GPIB. 
Sometime after the microprocessor initiates a request for 
service by setting bit 6, the controller of the GPIB 
sends the SPE message and then addresses the 8291 to 



S8 


rsv 


S6 


S5 


S4 


S3 


S2 


SI 



SERIAL POLL MODE (3W) 

talk. At this point, one byte of status is returned by the 8291 
via the Serial Poll Mode Register. 

The Serial Poll Status Register is available for reading the 
status byte in the Serial Poll Mode Register. The processor 
may check the status of a request for service by polling bit 
6 of this register, which corresponds to SRQS (Service 
Request State). When a Serial Poll is conducted and the 
controller-in-charge reads the status byte, the SRQS bit is 
cleared. The SRQ line is tied to this bit, so that a request for 
service is terminated when the 8291 's status byte is read. 
The rsv bit of the Serial Poll Mode Register must then be 
cleared by the microprocessor. 



Address Registers 



ton 


Ion 


EOl 


LPAS 


TPAS 


LA 


TA 


MJMIM 


ADDRESS STATUS (4R) 


X 


DTO 


DLO 


AD5-0 


AD4-0 


AD3-0 


AD2-0 


AD1-0 


ADDRESS 0(6R) 


X 


DTI 


DL1 


AD5-1 


AD4-1 


AD31 


AD2-1 


AD1-1 



TO 


LO 














ADMl 


ADMO 


ADDRESS MODE (4W) 


ARS 


DT 


DL 


AD5 


AD4 


AD3 


AD2 


AD1 



ADDRESS 0/1 (6W) 



ADDRESS 1 (7R) 



The Address Mode Register is used to select one of the five 
modes of addressing available on the 8291 . It determines 
the way in which the 8291 uses the information in the 
Address and Address 1 registers: 

—In Mode 1, the contents of the Address Register 
constitute the "Major" talker/listener address while the 
Address 1 Register represents the "Minor" talker/listener 
address. In applications where only one address is 
needed, the major talker/listener is used, and the minor 
talker/listener should be disabled. Loading an addres via 
the Address 0/1 Register into Address Registers and 1 
enables the major and minor talker/listener functions 
respectively. 

— In Mode 2 the 8291 recognizes two sequential address 
bytes: a primary followed by a secondary. Both address 
bytes must be received in order to enable the device to talk 
or listen. In this manner, Mode 2 addressing implements 
the extended talker and listener functions as defined in 
IEEE 488. 



To use Mode 2 addressing the primary address must be 
loaded into the Address Register, and the Secondary 
address is placed in the Address 1 Register. With both 
primary and secondary addresses residing on chip, the 
8291 can handle all addressing sequences without 
processor intervention. 

—In Modes, the 8291 handles addressing just as it does in 
Mode 1 , except that each Major or Minor primary address 
must be followed by a secondary address. All secondary 
addresses must be verified by the microprocessor when 
Mode 3 is used. When the 8291 is in TPAS or LPAS 
(talker/listener primary addresses state), and it does not 
recognize the byte on the DIG lines, an APT interrupt is 
generated (see section on Interrupt Registers) and the 
byte is available in the OPT (Command Pass-Through) 
Register. As part of its interrupt service routine, the 
microprocessor must read the OPT Register and write one 
of the following responses to the Auxiliary Mode Register: 

1. 07H implies a non-valid secondary address 

2. OFH implies a valid secondary address 
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Setting the "ton" bit generates the local ton (talk-only) 
message and sets the 8291 to a talk-only mode. This mode 
allows the device to operate as a talker in an interface 
system without a controller. 

Setting the "Ion" bit generates the local Ion (listen-only) 
message and sets the 8291 to a listen-only mode. This 
mode allows the device to operate as a listener in an 
interface system without a controller. 

The mode of addressing implemented by the 8291 may be 
selected by writing one of the following bytes to the 
Address Mode Register: 



Operation 



CS 



Register Contents 

10000000 
01000000 
11000000 
00000001 
00000010 
0000001 1 



Mode 

Enable talk only mode (ton) 
Enable listen only mode (Ion) 
The 8291 may talk to itself 
Mode 1, (Primary-Primary) 
Mode 2 (Primary-Secondary) 
Mode 3 (Primary/APT-Primary/APT) 



The Address Status Register contains information used by 
the microprocessor to handle its own addressing. This 
information includes status bits that monitor the address 
state of each talker/listener, "ton" and "Ion" flags which 
indicate the talk only and listen only states, and an EOl bit 
which, when set, signifies that the END message came 
with the last data byte. LPAS and TPAS indicate that the 
listener or talker primary address has been received. The 
microprocessor can then use these bits when the 
secondary address is passed through to determine 
whether the 8291 is addressed to talk or listen. The LA 
(listener addressed) bit will be set when the 8291 is in 
LACS (Listener Active State) or in LADS (Listener 
Addressed State). Similarly, theTA (Talker Addressed bit 
will be set to indicate TACS or TADS, but also to indicate 
SPAS (Serial Poll Active State). The MJMN bit is used to 
determine whether the information in the other bits 
applies to the Major or Minor talker/listener. It is set to "1 " 
when the Minor talker/listener is addressed. It should be 
noted that only one talker/listener may be active at any 
one time. Thus, the MJMN bit will indicate which, if either, 
of the talker/listeners is addressed or active. 

The Address 0/1 Register is used for specifying the 
device's addresses according to the format selected In 
the Address Mode Register. Five bit addresses may be 
loaded into the Address and Address 1 registers by 
writing into the Address 0/1 Register. The ARS bit is used 
to select which of these registers the other seven bits will 
be loaded into. The DT and DL bits may be used to disable 
the talker or listener function at the address signified by 
the other five bits. When Mode 1 addressing is used and 
only one primary address is desired, both the talker and 
the listener should be disabled at the Minor address. 

As an example of how the Address 0/1 Register might be 
used, consider an example where two primary addresses 
are needed in the device. The Major primary address will 
be selectable only as a talker and the Minor primary 
address will be selectable only as a listener. This 
configuration of the 8291 is formed by the following 
sequence of writes by the microprocessor: 



1. Select addressing Mode 1 

2. Load major address into 
Address Register with 
listener function disabled. 

3. Load minor address into 
Address 1 Register with 
talker function disabled. 



RD 



yi9^ 



Dati 



00000001 
001 AAA AA 

110BBBBB 



IIS2-RS0 



110 
110 



At this point, the addresses AAAAA and BBBBB are stored 
in the Address and Address 1 registers respectively, and 
are available to be read by the microprocessor. Thus, it is 
not necessary to store any address information elsewhere. 
Also, with the information stored in the Address and 
Address 1 registers, processor intervention is not required 
to recognize addressing by the controller. Only in Mode3, 
where secondary addresses are passed through, must the 
processor intervene in the addressing sequence. 

Command Pass Through Register 



CPT7 


CPT6 


CPT5 


CPT4 


CPT3 


CPT2 


CPTI 


CPTO 



COMMAND PASS THROUGH (5R) 



The Command Pass Through Register is used to transfer 
undefined 8-bit remote message codes from the GPIB to 
the microprocessor. When the CPT feature Is enabled 
(bit 80 in Auxiliary Register B), any message not de- 
coded by the 8291 becomes an undefined command. 
When Mode 3 addressing Is used secondary addresses 
are also passed through the CPT Register. In either 
case, the 8291 will holdoff the handshake until the 
microprocessor reads this register and Issues the 
VSCMD auxiliary command. 

The CPT and APT interrupts flag the availability of 
undefined commands and secondary addresses in the 
CPT Register. The details of these interrupts are explained 
in the section on Interrupt Registers. 

An added feature of the 8291 is its ability to handle 
undefined secondary commands following undefined 
primaries. Thus, the number of available commands for 
user definition or future IEEE 488 definition is significantly 
increased; one undefined primary command followed by a 
sequence of as many as 32 secondary commands can be 
processed. However, it is recommended that users do not 
define their own commands since such definition would 
violate IEEE 488. 

The recommended use of the 8291 's undefined command 
capabilities is for a controller-configured Parallel Poll. 
The PPC message is an undefined primary command 
typically followed by PPE, an undefined secondary 
command. For details on this procedure, refer to the 
section on Parallel Poll Protocol. 
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Auxiliary Mode Register 



4-Bit Code 



CNT2 


CNT1 


CNTO 


COM4 


COM3 


COM2 


C0M1 


COMO 



AUX MODE (5W) 

CNT0-2:CONTROL BITS 
COM0-:COMMAND BITS 

The Auxiliary Mode Register contains a three-bit control 
field and a five-bit command field. It is used for several 
purposes on the 8291: 

1. To load "hidden" auxiliary registers on the 8291. 

2. To issue commands from the microprocessor to the 
8291. 

3. To preset an internal counter used to generate T1, 
delay in the Source Handshake function, as defined in 
IEEE 488. 

Table 4 summarizes how these tasks are performed with 
the Auxiliary Mode Register. Note that the three control 
bits determine how the five command bits are interpreted. 

TABLE 4 



CODE 




CONTROL 
BITS 


COMIMAND 
BITS 


COiWIMAND 


000 
001 

100 
101 

oil 


occcc 

OFFFF 

DDDDD 

ODDDD 

USP3P2P1 


Execute auxiliary command 
CCCC 

Preset internal counter to 
match external clock 
frequency of FFFF MHZ 
(FFFF - binary representation 
of 1 to 8 MHz) 
Write DDDDD into auxiliary 
register A 

Write DDDD into auxiliary 
register B 

Configure/unconfigure 
parallel poll SP3P2P1 as 
defined in Std. 488. (Con- 
figure if U = 0, Unconfigure if 
U = 1). This command is the 
local poll enable (Ipe) 
message when U = 0. 



AUXILIARY COMMANDS 

Auxiliary commands are executed by the 8291 whenever 
OOOOCCCC is written into the Auxiliary Mode Register, 
where CCCC is the 4-bit command code. 



4-Bit Code 



0000 



Description 



Immediate Execute pon — This command re- 
sets the 8291 to a power up state (local pon 
message as defined in IEEE 488). 

The following conditions constitute the power 
up state: 

1. All talkers and listeners are disabled. 

2. No interrupt status bits are set. 



0010 



0011 



0100 



0101 



0110 



0111, 1111 



0001, 1001 



Description 



The 8291 is designed to power up fn certain 
states as specified in the IEEE 488 state dia- 
grams. Thus, the following states are in effect 
in the power up state: SIDS, AIDS, TIDS, LiDS, 
NPRS, LOCS, and PPIS. 

The "0000" pon is an immediate execute 
command (a pon pulse). It is also used to 
release the "initialize" state generated by 
either an external reset pulse or the "0010" 
Chip Reset command. 

Chip Reset (Initialize) — This command has 
the same effect as a pulse applied to the Reset 
pin. ( Refer to the section on Reset Procedure.) 

Finish Handshake — This command finishes a 
handshake that was stopped because of a 
holdoff on RFD or DAV. (Refer to Auxiliary 
Register A.) 

Trigger — A "Group Execute Trigger" is 
forced by this command. It has the same effect 
as a GET command issued by the controller- 
in-charge of the GPIB, but does not cause a 
GET interrupt. 

rtP — This command corresponds to the local 
rtl message as defined in IEEE 488. The 8291 
will go to a local state if local lockout is 
not in effect. 

Send EOl — The EOl line of the 8291 may be 
asserted with this command. The command 
causes EOl to go true with the next byte trans- 
mitted. The EOl line is then cleared upon com- 
pletion of the handshake for that byte. 

Non-Valid/Valid Secondary Address or 
Command (VSCMD) — This command in- 
forms the 8291 that the secondary address re- 
ceived by the microprocessor was valid or 
invalid (0111 - invalid, 1111 -valid). If ModeS 
addressing is used, the processor must field 
each extended address and respond to it, or 
the GPIB will hang up. Note that the COM3 bit 
is the invalid/valid flag. 

The valid (1111) command is also used to tell 
the 8291 to continue from the command-pass- 
through state (immediate execute command). 

Parallel Poll Flag (local "ist" message) —This 
command sets (1001) or clears (0001) the 
parallel poll flag. A "1" is sent over the 
assigned data line (PPR-Parallel Poll Re- 
sponse true) only if the parallel poll flag 
matches the sense bit from the Ipe local 
message (or indirectly from the PPE mess- 
age). For a more complete description of the 
Parallel Poll features and procedures refer to 
the section on Parallel Poll Protocol. 




1. Subsequently the 8291 will include "set rtl" and "clear rtP' 
commands. 
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INTERNAL COUNTER 

The Internal counter determines the delay time allowed 
for the settling of data on the DIO lines. This delay time 
is defined as T-i in IEEE 488 and appears In the Source 
Handshake state diagram between SDYS and STRS. As 
such, DAV is asserted T^ after the DIO lines are driven. 
Consequently, T^ is a major factor in determining the 
data transfer rate of the 8291 over the GPIB 
(Ti = TWROV2-TWROI5). 

When open-collector transceivers are used for connection 
to the GPIB, Ti is defined by IEEE 488 to be 2Msec. By 
writing 0010FFFF into the Auxiliary Mode Register, the 
counter is preset to match a fc MHz clock input, where 
FFFF is the binary representation of Nf (1<Nf<8, 
Nf=(FFFF)2). When Nf = fc, a 2/iSec Ti delay will be 
generated before each DAV asserted. 



' 1(;isec)-- 



2Nf 

fi^ 



+ tsYNC ' 1<Nf<8 



tsYNC is a synchronization error, greater than zero and 
smaller than the larger of T clock high and T clock low. 
(For a 50% duty cycle clock, tsYNC is less than half the 
clock cycle). 

If it is necessary that Ti be different from 2/xsec, Nf may 
be set to a value other than fc. In this manner, data transfer 
rates may be programmed for a given system. In small 
systems, for example, where transfer rates exceeding 
GPIB specifications are required, one may set Nf < fc and 
decrease Ti. 

When tri-state transceivers are used, IEEE 488 allows a 
higher transfer rate (lower Ti ). Use of the 8291 with such 
transceivers is enabled by setting B2 in Auxiliary Register 
B.ln this case, setting Nf = fc causes a Ti delay of 2^sec to 
be generated for the first byte transmitted — all 
subsequent bytes will have a delay of 500 nsec. 



Nf 
Ti(High Speed) /xsec = tt- + tsvNC 
2tc 

Thus, setting Nf= 1 using a 4 MHz clock will generate 
for a 50% duty cycle clock (tsYNC<''25 nsec): 



Ti = 



2.4 



+ 0.125 = 0.250 Msec = 250 nsec 




AUXILIARY REGISTER A 

Auxiliary Register A Is a "hidden" 5-bit register which is 
used to enable some of the 8291 features. Whenever a 
100 A4A3A2A1A0 byte is written into the Auxiliary Register, 
it is loaded with the data A4A3A2A1A0. Setting the 
respective bits to "1" enables the following featureis: 

Ao — RFD/DAV Holdoff on all Data: If the 8291 Is listening, 
RFD will not be sent true until the "finish handshake" 
auxiliary command is issued by the microprocessor. If the 
8291 is talking, DAV is not sent true until the "finish 
handshake" command Is given. In both cases, the holdoff 
will be in effect for each data byte. 

Ai — RFD/DAV Holdoff on End: This feature enables the 
holdoff on EOl or EOS (if enabled). However, no holdoff 
will be in effect on any other data bytes. 



A2 — End on EOS Received: Wheneverthe byte 111 the Data 
In Register matches the byte in the EOS Register, the End 
interrupt bit will be set in the Interrupt Status 1 Register.. 

A3 — Output EOl on EOS Sent: Any occurrence of data in 
the Data Out Register matching the EOS Register causes 
the EOl line to be sent true along with the data. 

A4 — EOS Binary Compare: Setting this bit causes the 
EOS Register to function as a full 8-bit word. When it is not 
set, the EOS Register is a 7-bit word (for ASCII 
characters). 

If Ao = Ai = 1, a special "continuous Acceptor Handshake 
cycling" mode is enabled. This mode should be used only 
in a controller system configuration, where both the 8291 
and the 8292 are used. It provides a continuous cycling 
through the Acceptor Handshake state diagram, requiring 
no local messages from the microprocessor; the rdy local 
message is automatically generated when in ANRS. As 
such, the 8291 Acceptor Handshake serves as the 
controller Acceptor Handshake. Thus, the controller 
cycles through the Acceptor Handshake without delaying 
the data transfer In progress. When the tcs local message 
is executed, the 8291 is taken out of the "continuous AH 
cycling" mode, the GPIB hangs up in ANRS, and a Bl 
interrupt is generated to indicate that control may be 
taken. A simpler procedure may be used when a "tcs on 
end of block" is executed; the 8291 may stay in 
"continuous AH cycling". Upon the end of a block (EOl or 
EOS received), a holdoff is generated, the GPIB hangs up 
in ANRS, and control may be taken. 



AUXILIARY REGISTER B 

Auxiliary Register B Is a "hidden" 4-bit register which is 
used to enable some of the features of the 8291 . Whenever 
a IOIOB3B2B1B0 is written into the Auxiliary Mode 
Register, it is loaded with the data B3B2B1B0. Setting the 
respective bits to "1" enables the following features: 

Bo — Enable Undefined Command Pass Through: This 
feature allows any commands not recognized by the 8291 
to be handled in software. If enabled, this feature will 
cause the 8291 to holdoff the handshake when an 
undefined command is received. The microprocessor 
must then read the command from the Command Pass 
Through Register and send the VSCMD auxiliary 
command. Until the VSCMD command is sent, the 
handshake holdoff will be in effect. 

Bi — Send EOl in SPAS: This bit enables EOl to be sent 
with the status byte; EOl is sent true in Serial Poll Active 
State. Otherwise, EOl is sent false in SPAS. 

B2 — Enable High Speed Data Transfer: This feature may 
be enabled when tri-state external transceivers are used. 
The data transfer rate is limited by Ti (delay time 
generated in the Source Handshake function), which is 
defined according to the type of transceivers used. When 
the "High Speed" feature is enabled, Ti = 2 microseconds 
is generated for the first byte transmitted after each true to 
false transition of ATN. For all subsequent bytes, Ti = 500 
nanoseconds. Refer to the Internal Counter section for an 
explanation of Ti duration as a function of B2 and of clock 
frequency. 
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Bs — Enable Active Low Interrupt: Setting this bit causes 
the polarity of the INT pin to be reversed, providing an 
output signal compatible with Intel's MCS-48^*". Interrupt 
registers are not affected by this bit. 

PARALLEL POLL PROTOCOL 

Writing a OIIUSP3P2P1 into the Auxiliary Mode Register 
will configure (U=0) or unconfigure (U=1 ) the 8291 for a 
parallel poll. When U=0, this command is the "Ipe" (local 
poll enable) local message as defined in IEEE 488. The "S" 
bit is the sense in which the 8291 is configured; only if the 
Parallel Poll Flag ("ist" local message) matches this bit will 
the Parallel Poll Response, PPRn, be sent true. The bits 
P3P2P1 specify which of the eight data lines PPRn will be 
sent over. Thus, once the 8291 has been configured for 
Parallel Poll, whenever it senses both EOl and ATN true, it 
will automatically compare its PP flag with the sense bit 
and send PPRn true or false according to the comparison. 

If a PP2* implementation is desired, the "Ipe" and "ist" 
local messages are all that are needed. Typically, the user 
will configure the 8291 for Parallel Poll immediately after 
initialization. During normal operation the micro- 
processor will set or clear the Parallel Poll Flag (ist) 
according to the device's need for service. Consequently 
the 8291 will be set up to give the proper response to IDY 
(EOl • ATN) without directly involving the micropro- 
cessor. 

If a PP1* implementation is desired, the undefined 
command features of the 8291 must be used. In PP1, the 
8291 is indirectly configured for Parallel Poll by the active 
controller on the GPIB. The sequence at the 8291 being 
configured is as follows: 

1. The PPC message is received true. Being an undefined 
command, it is loaded into the Command Pass 
Through Register, and a OPT interrupt is sent to the 
microprocessor. The handshake is automatically held 
off. 

2. The microprocessor reads the CPT Register and sends 
VSCMD to the 8291, releasing the handshake. 

3. Having received an undefined primary command, the 
8291 is set up to receive an undefined secondary 
command, the PPE message. This message is also 
received into the CPT Register, the handshake is held 
off, and the CPT interrupt is generated. 

4. The microprocessor reads the PPE message and 
decodes the SP3P2P1 information. It then sends the 
appropriate "Ipe" local message to the 8291 . Finally, the 
microprocessor sends VSCMD and the handshake is 
released. 



*As defined in IEEE Standard 488. 



End of Sequence (EOS) Register 



EC7 


EC6 


EC5 


EC4 


£03 


EC2 


EC1 


ECO 



EOS REGISTER 

The EOS Register and its features offer an alternative to 
the "Send EOl" auxiliary command. A seven or eight bit 
byte (ASCII or binary) may be placed in the register to flag 
the end of a block or read. The type of EOS byte to be used 
is selected in Auxiliary Register bit A4. 

If the 8291 is a listener, and the "End on EOS Received" is 
enabled at bit A2, then an End interrupt is generated in the 
Interrupt Status 1 Register whenever the byte in the Data- 
in Register matches the byte in the EOS Register. 

If the 8291 is a talker, and the "Output EOl on EOS Sent" is 
enabled at bit As, then the EOl line is sent true with the 
next data byte whenever the contents of the Data Out 
Register match the EOS register. 



Reset Procedure 

The 8291 is reset to an initialization state either by a 
pulse applied to its Reset pin, or by a reset auxiliary 
command (02H written into the Auxiliary Command 
Register). The following conditions are caused by a 
reset pulse (or local reset command): 

1 . A "pon" local message as defined by IEEE 488 is held 
true until the initialization state is released. 

2. The Interrupt Status Registers are cleared. 

3. Auxiliary Registers A and B are cleared. 

4. The Serial Poll Mode Register is cleared. 

5. The Parallel Poll Flag is cleared. 

6. The EOl bit in the Address Status Register is cleared. 

7. Np in the Internal Counter is set to 8 MHz. This set- 
ting causes the longest possible ti delay to be 
generated in the Source Handshake (16 ptsec for 1 
MHz clock). 

The initiallization state is released by an "immediate 
execute pon" command (OOH written into the Auxiliary 
Command Register). 

The suggested initialization sequence is: 

1. Apply a reset pulse or send the reset auxiliary 
command. 

2. Set the desired initial conditions by writing into the 
Interrupt Mask, Serial Poll Mode, Address Mode, 
Address 0/1, and EOS Registers. Auxiliary Registers A 
and B, and the internal counter should also be 
initialized. 

3. Send the "immediate execute pon" auxiliary command 
to release the initialization state. 

4. If a PP2 Parallel Poll implementation is to be used the 
"Ipe" local message may be sent, configuring the 8291 
for a Parallel Poll Response on an assigned line. (Refer 
to the section on Parallel Poll Protocol.) 
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Using DMA 

The 8291 may be connected to the Intel 8257 DMA Con- 
troller for DMA operation. The DMA REQ pin of the 8291 
requests a DMA byte transfer from the 8257. It is set by 
BO or Bl flip flops, masked by the DMAO and DMAI bits 
in the Interrupt Mask 2 Register. (After reading, the INT1 
register BO and Bl interrupts will be cleared but not BO 
and Bl in DREG equation.) 



The DMA ACK pin is driven by t he 8257 in response to the 
DMA request. When DMA ACK is true (active low) it sets 
CS = RSO = RS1 = RS2 = such that the RD and WR 
signals sent by the 8257 refer to the Data In and Dat a Out 
Regis ters. Also, the DMA request line is reset by DMA 
ACK. 



DMA input sequence: 

1. A data byte is accepted from the GPIB by the 8291. 

2. A Bl interru pt is generated and DMA REQ is set. 

3. DMA ACK is asserted by the 8257 and DMA REQ is 
reset. 

4. RD is driven by the 8257 and the contents of the Data In 
Register are transferred to MCS bus. 

5. The 8291 sends RFD true on the GPIB and proceeds 
with the Acceptor Handshake protocol. 

DMA output sequence: 

1. A BO interrupt is generated (indicating that the Data 
Out Register is empty) and DMA REQ is asserted. 



2. DMA ACK is asserted by the 8257 and DMA REQ is 
reset. 

3. WR is driven by the 8257 and a byte is transferred from 
the MCS bus into the Data Out Register. 

4.The 8291 sends DAVtrue on the GPIB and proceeds with 
the Source Handshake protocol. 

It should be noted that each time the device is addressed, 
the Address Status Register should be read, and the 8257 
should be initialized accordingly. (Refer to the 8257 data 
sheet available in Intel's Peripheral Design Handbook.) 

System Configuration 
Microprocessor Bus Connection 

The 8291 is 8080, 8048, 8085 and 8086 compatible. The 
three address pins (RSo, RSi, RS2) should be connected to 
the non-multiplexed address bus (for example: As, A9, 
A10). In case of 8080, any address lines may be used. 

External Transceivers Connection 

8291 IEEE bus pins are TTL compatible. For IEEE Std. bus 
connection, external transceivers are required. 8291 
supplies Transmit/Receive control pins: T/R1 controls 
DIO1-8, NRFD, NADC and DAV transceivers,T/R2 
controls EOl transceiver. IPC, ATN, REN are always inputs 
and SRQ is always an output. 

Logically, TR1 = TACS + SPAS + PPAS; 
TR2 = TACS + SPAS. 

Refer to 8292 Data Sheet for 8291/8292 system 
configuration. 
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DEVICE ELECTRICAL CHARACTERISTICS 
D.C. CHARACTERISTICS 

Ta = CC to 70° C; Vcc = 5V ± 10% 



''£h- 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


ViL 


Input Low Voltage 


-0.5 


0.8 


V 




VlH 


Input High Voltage 


2 


Vcc+0.5 


V 




Vol 


Output Low Voltage 




0.45 


V 


IOL=2mA (4mA for TR1 pin) 


VOH 


Output High Voltage 


2.4 




V 


IOH = -400iuA(-150)uAforSRQpin) 


VOH-INT 


Interrupt Output High Voltage 


2.4 
3.5 




V 
V 


IOH=-400/uA 
IOH=-50/xA 


IlL 


Input Leakage 




10 


mA 


ViN=OV to Vcc 


Ilol 


Output Leakage Current 




-10 


mA 


VoUT=0.45V 


Iloh 


Output Leakage Current 




10 


mA 


VoUT=Vcc 


Ice 


Vcc Supply Current 




180 


mA 


Ta=0°C 



A.C. CHARACTERISTICS 

Vcc = 5V ± 10%, Commercial: Ta = 0°C to 70°C 



Symbol 


Parameter 


Min. 


Max. 


Unit 


tAR 


Address Stable Before READ 







nsed"'! 













tRA 


Address Hold After READ 


nseclH 






250 






tRR 


READ width 


nsecl^l 


tAD 


Address Stable to Data Valid 




250 


nsecl""! 


tRD 


READ to Data Valid 




100 


nsecl2l 


tRDF 


Data Float After READ 





60121 


nsec 


tAW 


Address Stable Before WRITE 







nsecMl 


tWA 


Address Hold After WRITE 









tww 


WRITE Width 


250 




nsecl^i 


tow 


Data Set Up Time to the Trailing 
Edge of WRITE 


150 




nseclH 


tWD 


Data Hold Time After WRITE 







nsecl""! 


tAKRQ 


DACKl to DREQi 




130 


nsec 


tDKDA6 


DACKi to Up Data Valid 




200 


nsec 



Notes: 

1 . 8080 System 

2. 8085 System 



CLmax = lOOpF; CLmin = 15pF; 3 MHz clock. 
Cl = 150pF; 4 MHz clock. 
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TIMING WAVEFORMS 



READ 



CS/RSi 



3: 



-tRR - 



-*— tAR-*- 



\ 



-tRD- 



DATA BUS . 
(DATA OUT) 



X 



/ ... \ 



■< tRv' 



-•— tRDF 



■^ V VALID DATA ^ 



WRITE 



DMA 



•~y. 



DATA BUS 
(DATA IIM) 



t 



-♦-tAW-*' 



-tww- 



DATA MAY CHANGE 



-*-%A-*- 



X 



J^.^ towdl 1^\ 



^WD 



V VALID DATA j( 



DATA MAY CHANGE 



NOTES: 1. tRv IS THE TIME BETWEEN READ OR WRITE OPERATIONS WITH 
THE CHIP SELECTED (CHIP RECOVERY TIME). 



y — % 
— \ 



-tAKRQ 
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GPIB TIMINGSl 


11 








Symbol 


Parameter 


Max. 


Unit 


Test Conditions 


TEOT13 


EOll toTRH 


90 


nsec 


PPSS, ATN=0.45V 


TE0DI6 


EOli to DIO Valid 


130 


nsec 


PPSS, ATN-0.45V 


TEOT12 


EOll to TR11 


130 


nsec 


PPSS, aTn-0.45V 


TATND4 


ATNl to NDACl 


130 


nsec 


TACS, AIDS 


TATT14 


ATNi toTRIl 


130 


nsec 


TACS, AIDS 


TATT24 


ATNi to TR2i 


130 


nsec 


TACS, AIDS 


TDNVD3-C 


DAVl to NDACt 


350 


nsec 


AH, CACS 


TNDDV1 


NDACt to DAVt 


300 


nsec 


SH, SIRS 


TNRDV2 


NRFDt to DAVi 


300 


nsec 


SH, T1 True 


TNDDR1 


NDACt to DREQt 


350 


nsec 


SH 


TDVDR3 


DAVi to DREQ! 


350 


nsec 


AH, LACS, ATN-2.4V 


TDVND2-C 


DAV! to NDACl 


350 


nsec 


AH, LACS 


TDVNR1-C 


DAVt to NRFDt 


350 


nsec 


AH, LACS, rdy=True 


TRDNR3 


RDi to NRFDt 


500 


nsec 


AH, LACS 


TWRDI5 


WR to DIO Valid 


200 


nsec 


SH, TACS, RS = 0.4V 




WRt to DAVi 


760 


nsec 




TWRDV2 


NRFD = 2.4V, RS = 0.4V, SH, 
TACS, High Speed Transfers 
Enabled, NF=fc = 8 MHz 



Notes: 

1. All GPIB timings are at the pins of the 8291. 



11-181 



8291 



Appendix A 



MODIFIED STATE DIAGRAMS 

Figure A.1 presents the interface function state diagrams. 
It is derived from IEEE Std. state diagrams, with the 
following changes: 

A. Controller function omitted. 

B. Addressing modes included in T,L state diagrams. 

Note that in Mode 3, MSA, OSA are generated only after 
secondary address validity check by the microprocessor 
(APT interrupt). 

C. All remote messages sent true in each state are 
indicated. 

D. All remote multiline messages decoded are condi- 
tioned by ACDS. The multiplication by ACDS is not 
drawn to simplify the diagrams. 



E. The symbol 



■0 



indicates: 

1. When event X occurs, the function will return to 
state S. 

2. X overrides any other transition condition in the 
function. 

Statement 2 simplifies the diagram, avoiding the explicit 
use of X to condition all transitions from S to other states. 




ATN + F1 
(WITHIN t2) 



F1 = TAGS + SPAS 



I "1 

I I 

I SH I 

I I 

I I 




THIS TRANSITION WILL NEVER 
OCCUR UNDER NORMAL OPERATION. 



F2 = ATN + LACS + LADS 
F3 = ATN + rdy 
T3' = T3 • CPT • APT 



Figure A.1. 8291 State Diagrams (Continued next page) 
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m 'i ^f«D!^m i wi ii . I 







IFC 
(WITHIN t4) 



F4 = OTA + (OSA • TPAS + MSA • LPAS) 



M0DE1 +MLA«M0DE1 



END IF DAB = EOS 






I SRQ I 





^**«— -''^ GTL • LADS 



GTL • LADS 
F5 = (MLA • MODE 1 + LPAS • MSA • MODEI) 



Figure A.I. 8291 State Diagrams (Continued next page) 
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I DCIS j I DCAS J 



F6 = DCL + SDC • LADS 



GET -LADS 



I DC I 

I I 

L. „4 



I I 

I DT I 

I I 




Figure A.1. 8291 State Diagrams 



Appendix B 

IEEE 488 TIME VALUES 



Time Value 
Identifier* 


Function (Applies to) 


Description 


Value 


Ti 


SH 


Settling Time for Multiline Messages 


>2MSt 


t2 


LC,IC,SH,AH,T,L 


Response to ATN 


< 200ns 


T3 


AH 


Interface Message Accept Time;]; 


>06 


t4 


T,TE,L,LE,C,CE 


Response to IPC or REN False 


< IOOmS 


t5 


PP 


Response to ATN+EOI 


< 200ns 


Te 


C 


Parallel Poll Execution Time 


>2mS 


Tz 


C 


Controller Delay to Allow Current Talker 
to see ATN Message 


> 500ns 


T8 


C 


Length of IPC or REN False 


> IOOms 


Tg 


C 


Delay for EOr* 


>1.5MStt 



* Time values specified by a lower case t indicate the maximum time allowed to make a state transition. Time values specified by an 
upper case T indicate the minimum time that a function must remain in a state before exiting. 

t If three-state drivers are used on the DIO, DAV, and EOl lines, Ti may be: 

1. > 1100ns 

2. Or > 700ns if it is known that within the controller ATN is driven by a three-state driver. 

3. Or > 500ns for all subsequent bytes following the first sent after each false transition of ATN (the first byte must be sent in 
accordance with (1) or (2). 

4. Or > 350ns for all subsequent bytes following the first sent after each false transition of ATN under conditions specified in 
Section 5.2.3 and warning note. See IEEE Standard 488. 

;]; Time required for interface functions to accept, not necessarily respond to interface messages. 

8 Implementation independent. 

** Delay required for EOl, NDAG, and NRFD signal lines to indicate valid states. 

tt ^ 600ns for three-state drivers. 



11-184 



8291 



Appendix C 

THE THREE WIRE HANDSHAKE 






X 



X 




DATA TRANSFER 
BEGINS 



Figure C.1. 3-Wire Handshake Timing. 
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f START J 



f START J 



SET DAV HIGH 




ERROR 
CONDITION 



PUT OR CHANGE 

DATA ON 

DATA LINES 



CHZ) 




NRFD SIGNAL LINES GOES HIGH 



ONLY WHEN ALL ACCEPTORS ARE READY 



SET DAV LOW 



DATA IS VALID AND MAY 



NOW BE ACCEPTED 




NDAC SIGNAL LINE STAYS LOW UNTIL 



SET DAV HIGH 



ALL ACCEPTORS HAVE ACCEPTED IT 



DATA IS NOT TO BE CONSIDERED 



VALID AFTER THIS TIME 




J 



SET NRFD AND 
NDAC LOW 




SET NRFD HIGH 




ACCEPT 
DATA BYTE 



SET NRFD LOW 



SET NDAC HIGH 




FLOW DIAGRAM OUTLINES SEQUENCE OF EVENTS DURING TRANSFER OF 
DATA BYTE. MORE THAN ONE LISTENER AT A TIME CAN ACCEPT DATA 
BECAUSE OF LOGICAL AND CONNECTION OF NRFD AND NDAC LINES. 



Figure C.2. Handshake Flowchart. 
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FUNCTIONAL PARTITIONS 



DEVICE (APPARATUS) 

INTERFACE 
FUNCTIONS 



=Xs)^ 



DEVICE 
FUNCTIONS 



■V 



K _ _'____- 



TV 



_Z_A 



\ 



-A 



=®= 



(8292 ONLY) 



L 
" LE 



/L. 

v- 



. M.__J^__ 



T 1/ 

-^ N 



-A 



^^«0 



MESSAGE 
CODING 



(^&= 




MCS'" 
SYSTEM 



A - CAPABILITY DEFINED BY THE 488-1975 STANDARD. 
B - CAPABILITY DEFINED BY THE DESIGNER. 

1 - INTERFACE BUS SIGNAL LINES. 

2 - REMOTE INTERFACE MESSAGES TO AND FROM INTERFACE FUNCTIONS. 

3 - DEVICE DEPENDENT MESSAGES TO AND FROM DEVICE FUNCTIONS. 

4 - STATE LINKAGES BETWEEN INTERFACE FUNCTIONS. 

5 -- LOCAL MESSAGES BETWEEN DEVICE FUNCTIONS AND INTERFACE 

FUNCTIONS (MESSAGES TO INTERFACE FUNCTIONS ARE DEFINED, 
MESSAGES FROM INTERFACE FUNCTIONS EXIST ACCORDING TO THE 
DESIGNER'S CHOICE). 

6 - CONTROL MESSAGES (8292 ONLY). 




Figure D.1. Functional Partition Within a Device. 



INTEL CORPORATION, 3065 Bowers Avenue, Santa Clara, California 95051 (408) 987-8080 
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8292 
GPIB CONTROLLER 



FEATURES: 

■ Complete IEEE Standard 488 Controller 
Function. 

■ Interface Clear (IFC) Sending Capability 
Allows for Seizure of Control and/or 
Initialization of the Bus. 

■ Responds to Service Requests (SRQ). 

■ Sends (REN), Allowing Instruments to 
Switch to Remote Control. 



Complete Implementation of Transfer 
Control Protocol. 

Synchronous Control Seizure Prevents 
the Destruction of any Data 
Transmission in Progress. 

Connects with the 8291 to Form a 
Complete IEEE Standard 488 Interface 
Talker/Listener/Controller. 



The 8292 GPIB CONTROLLER is a microprocessor-controlled chip designed to connect with the 8291 
GPIB TALKER/LISTENER to Implement the full IEEE Standard 488 controller function, including transfer 
control protocol. The 8292 is a pre-programmed UPI-41AT'^ 



PINCONFIGURATIOISI 





iFCR n 


1 ^ 


"^ 40 


H vcc 


xiC 


2 


39 


3 


COUNT 


X2C 


3 


38 


D 


REN 


RESET C 


4 


37 


H 


DAV 


NC C 


5 


36 


H 


llFi 


csC 


6 


35 


H 


OBFI 


SHI 


GND C 


7 


34 


H 


EOl 


^1 


rdC 


8 


33 


H 


SPi 


1 


AoC 

wrC 


9 32 
8292 

10 31 


3 
3 


TCI 

cic 


EaH 


SYNC C 


11 


30 


3 


NC 


DoC 


12 


29 


3 


ATNO 


D1E 


13 


28 


3 


NC 


D2C 


14 


27 


3 


CLTH 


Dae 


15 


26 


p 


NC 


D4C 


16 


25 


p 


NC 


D5C 


17 


24 


p 


SYC 


DeC 


18 


23 


□ 


IFC 


D/C 


19 


22 


P 


ATNl 




vssC 


20 


21 


3 


SRQ 



8291, 8292 SYSTEM DIAGRAM 



^ 



MICROPROCESSOR SYSTEM BUS 



8257 

DMA 

CONTROLLER ' 



I (OPTIONAL) I 



cL 



8291 

GPIB 
TALKER/ 
LISTENER 



7\ 



7 



8292 

GPIB 

CONTROLLER 



7\ 



c 



iz 



S 



GENERAL PURPOSE INTERFACE BUS 



7 
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PIN DESCRIPTION 

Symbol I/O Pin No. 



Function 



Symbol I/O Pin No. 



FuncUon 



D0-D7 I/O 12-19 



I 9 



CS I 6 

RD I 8 

WR I 10 



RESET I 4 

DAV I/O 37 

ATNI I 22 

CiC O 31 

EOi I/O 34 

IPC I/O 23 

SYG I 24 

OBFI O 35 



IBFI O 36 



8 bidirectional lines used for com- 
munication between the central 
processor and the 8292's data bus 
buffers and status register. 
Address Line— Used to select be- 
tween the data bus and the status 
register during read operations 
and to distinguish between data 
and commands written into the 
8292 during write operations. 
Chip Select Input— Used to select 
the 8292 from other devices on the 
common data bus. 
I/O write input which allows the 
master CPU to write to the 8292. 
I/O read input which allows the 
master CPU to read from the 8292. 
Used to initialize the chip to a 
known state during power on. 
DAV Handshake Line— Used only 
during parallel poll, configures to 
force the 8291 to accept the paral- 
lel poll status bits. 

Attention In— Used by the 8292 to 
monitor the GPIB ATN control line. 
It is used during "take control syn- 
chronously" execution and during 
the transfer control procedure. 

Controller In Charge— Controls 
the S/R input of the SRQ bus trans- 
ceiver. It can also be used to in- 
dicate that the 8292 is in charge of 
the bus. 

End Or Identify— One of the GPIB 
management lines, as defined by 
IEEE Std. 488-1975. Used with ATN 
as Identify Message during paral- 
lel poll. 

Interface Clear— One of the GPIB 
management lines, as defined by 
IEEE Std. 488-1975, places all de- 
vices in a known quiescent state. 
System Controller— Monitors the 
system controller switch. 

Output Buffer Full— Used as an in- 
terrupt to the central processor 
while the output buffer of the 8292 
is full. The feature can be enabled 
and disabled by the interrupt mask 
register. 

Input Buffer Not Full— Used to in- 
terrupt the central processor while 
the Input buffer of the 8292 is 
empty. This feature is enabled and 
disabled toy the interrupt mask 
register. 



ATNO O 



SRQ I 



REN O 



TCI 



SPI O 



CLTH O 



IFOR I 



COUNT I 



Xi,X2 I 2,3 



SYNC O 11 



Vcc PS- 

Vss P.S. 



29 Attention Out— Controls the ATN 
control line of the bus through ex- 
ternal logic for tcs (take control 
synchronously) purpose. (ATN is a 
GPIB control line, as defined by 
IEEE Std. 488-1975.) 

21 Service Request— One of the IEEE 
control lines. Sampled by the 8292 
when it is controller in charge, if 
true— SPI interrupt to the monitor 
will be generated. 

38 The Remote Enable bus signal 
selects remote or local control of 
the device on the bus. A GPIB bus 
management line, as defined by 
IEEE Std. 488-1975. 

32 Task Complete Interrupt— Inter- 
rupt to the control processor used 
to indicate that the task requested 
was completed by the 8292 and the 
information requested is ready in 
the data bus. 

33 Special Interrupt— Used as an in- 
terrupt on events not initiated by 
the central processor. 

27 CLEAR LATCH Output— Used to 
clear the IFOR after recognized by 
the 8292. Usually low (except after 
hardware Reset), will be pulsed 
low when IFOR is recognized by 
the 8292. 

1 IFC Received (latched)— The 8292 
monitors the IFC Line (when not 
system controller) through this 
pin. 

39 Count Input— When enabled by 
the proper command the internal 
counter will count external events 
through this pin. High to low tran- 
sition will increment the internal 
counter by one. The pin is sampled 
once per three internal instruction 
cycles (7.5 ^sec when using 6 MHz 
XTAL). It can be used for byte 
counting when connected to 
NDAC line, or for block counting 
when connected to the EOI line. 
Inputs for a crystal, LC or an ex- 
ternal timing signal to deter- 
mine the internal oscillator fre- 
quency. 

8041A instruction cycle syn- 
chronization signal; it is an out- 
put clock with a frequency of 
XTAL -^ 15. 

40 +5V supply input. 

7,20 Circuit ground potential. 
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8294 
DATA ENCRYPTION UNIT 



■ Certified by National Bureau of 
Standards 

■ 80 Byte/Sec Data Conversion Rate 

■ 64-Bit Data Encryption Using 56-Bit 
Key 

■ DIMA Interface 

■ 3 Interrupt Outputs to Aid in Loading 
and Unloading Data 



■ 7-Bit User Output Port 

■ Single 5V ± 10% Power Supply 

■ Peripheral to MCS-86^, MGSSS^^, 
MC&SO^ and MC&48TM Processors 

■ Implements Federal Information 
Processing Data Encryption Standard 

■ Encrypt and Decrypt Modes Available 



DESCRIPTION 

The Intel® 8294 Data Encryption Unit (DELI) is a microprocessor peripheral device designed to encrypt and decrypt 
64-bit blocks of data using the algorithm specified in the Federal Information Processing Data Encryption Standard. 
The DEU operates on 64-bit text words using a 56-bit user-specified key to produce 64-bit cipher words. The operation 
is reversible: if the cipher word is operated upon, the original text word is produced. The algorithm Itself is perma- 
nently contained in the 8294; however, the 56-bit key is user-defined and may be changed at any time. 

The 56-bit key and 64-bit message data are transferred to and from the 8294 in 8-bit bytes by way of the system data 
bus. A DMA interface and three interrupt outputs are available to minimize software overhead associated with data 
transfer. Also, by using the DMA interface two or more DEUs may be operated in parallel to achieve effective system 
conversion rates which are virtually any multiple of 80 bytes/second. The 8294 also has a 7-bit TTL compatible output 
port for user-specified functions. 

Because the 8294 implements the NBS encryption algorithm it can be used in a variety of Electronic Funds Transfer 
applications as well as other electronic banking and data handling applications where data must be encrypted. 



PIN 
CONFIGURATION 



PIN NAMES 



BLOCK DIAGRAM 




D6C 18 
D7C 19 



PIN NAME 


FUNCTION 


DrDo 


DATA BUS 


RD.WR 


READ,WRITE STROBES 


CS 


CHIP SELECT 


Ao 


CONTROUDATA SELECT 


RESET 


RESET INPUT 


Xl,X2 


FREQUENCY REFERENCE INPUT 


SYNC 


HIGH FREQUENCY OUTPUT 


DRQ,DACK 


DMA REQUEST.DMA ACKNOWLEDGE 


SRQ.OAV.CCMP 


INTERRUPT REQUEST OUTPUTS 


Pe-Po 


OUTPUT PORT LINES 


Vcc,Vdd,GND 


+ 5VP0WER,GND 


NC 


NO CONNECTION 



DATA 
BUS 



C^ 



DATA 

BUS 

BUFFER 

REGISTERS 



WR- 

CS- 

Ao- 

SRQ- 

OAV- 

CCMP- 



RESET - 
SYNC-" 



Xi- 



POWER- 
GND- 



CONTROL 

AND 

INTERRUPT 

LOGIC 



V" 



KEY 
BUFFER 
STORAGE 



MESSAGE 
STORAGE 



ALGORITHM 
TABLE 



7-BIT 
OUTPUT 
PORT 



(^'°-" 



DMA I ^DRQ 

-y LOGIC j-. DACK 
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Pin# Pin Name I/O 



Pin Description 



Pin # Pin Name I/O 



Pin DescHptlcm 



NC — No connection. 



10 



11 



XI 
X2 

RESET 

NC 
CS 

GND 
RD 



WR 



SYNC 



12 


Do 


13 


Di 


14 


D? 


15 


D3 


16 


D4 


17 


D5 


18 


De 


19 


D7 


20 


GND 



I Inputs for crystal, L-C or exter- 
nal timing signal to determine 
internal oscillator frequency. 

i A low signal to this pin resets 
the 8294. 

— No connection. 

I A low signal to this pin enables 
reading and writing to the 8294. 

— This pin must be tied to ground. 

I An active low read strobe at 
this pin enables the CPU to 
read data and status from the 
internal DEL) registers. 

I Address Input used by the CPU 
to select DEU registers during 
read and write operations. 

I An active low write strobe at 
this pin enables the CPU to 
send data and commands to 
the DEU. 

O High frequency (Clock-r15) 
output. Can be used as a strobe 
for external circuitry. 

I/O Three-state, bi-directional data 
bus lines used to transfer data 
between the CPU and the 8294. 



— This pin must be tied to ground. 



40 

39 
38 



37 



38 



35 



34 



26 

25 
24 



NC 
DACK 



DRQ 



SRQ 



OAV 



NC 



33 


P6 


32 


P5 


31 


P4 


30 


P3 


29 


P2 


28 


PI 


27 


PO 



VdD 

NC 
CCMP 



23 


NC 


22 


NC 


21 


NC 



•— 4-5 volt pow^r input: -i-,5V 
±10%. 

— No connection. 

I DMA acknowledge. Input 
signal from the 8257 DMA Con- 
troller acknowledging that the 
requested DMA cycle has been 
granted. 

O DMA request. Output signal to 
the 8257 DMA Controller 
requesting a DMA cycle. 

O Service Request. Interrupt to 
the CPU indicating that the 
8294 is awaiting data or com- 
mands at the input buffer. 
SRQ=1 implies IBF = 0. 

O Output Available. Interrupt to 
the CPU indicating that the 
8294 has data or status avail- 
able in its output buffer. 
0AV=1 implies 0BF=1. 

— No connection. 

O User output port lines. Output 
lines available to the user via a 
CPU command which can as- 
sert selected port lines. These 
lines have nothing to do with 
the encryption function. At 
power-on, each line is in a 1 
state. 

— -I- 5V power input. ( + 5V ± 10%) 
Low power standby pin. 

— No connection. 

O Conversion Complete. Interrupt 
to the CPU indicating that the 
encryption/decryption of an 
8-byte block is complete. 

— No connection. 

— No connection. 

— No connection. 
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BASIC FUNCTIONAL DESCRIPTION 
OPERATION 

The data conversion sequence is as follows: 

1. A Set Mode connmand Is given, enabling the desired 
interrupt outputs. 

2. An Enter New Key command Is issued, followed by 8 
data inputs which are retained by the DEU for encryp- 
tion/decryption. Each byte must have odd parity. 

3. An Encrypt Data or Decrypt Data command sets the 
DEU in the desired mode. 

After this, data conversions are made by writing 8 data 
bytes and then reading back 8 converted data bytes. Any 
of the above commands may be Issued between data 
conversions to change the basic operation of the DEL); 
e.g., a Decrypt Data command could be issued to 
change the DEU from encrypt mode to decrypt mode 
without changing either the key or the Interrupt outputs 
enabled. 

INTERNAL DEU REGISTERS 

Four Internal registers are addressable by the master 
processor: 2 for Input, and 2 for output. The following 
table describes how these registers are accessed. 

RD WR CS Aq Register 



1 











Data Input buffer 





1 








Data output buffer 


1 








1 


Command Input buffer 





1 





1 


Status output buffer 


X 


X 


1 


X 


Don't care 



The functions of each of these registers are described 
below. 

Data Input Buffer ~ Data written to this register Is Inter- 
preted in one of three ways, depending on the preceding 
command sequence. 

1 . Part of a key. 

2. Data to be encrypted or decrypted. 

3. A DMA block count. 



IBF Input Buffer Full; A wrtte to the Data Input Buffer 
or to the Command Input Buffer sets fSF 52= 1. The 
DEU resets this flag when It has accepted the 
Input byte. Nothing should be written wh4h 
IBF=1. '-^ 

DEC Decrypt; Indicates whether the DEU Is in an en- 
crypt or a decrypt mode. DEC = 1 Implies the 
decrypt mode. DEC = Implies the encrypt 
mode. 

CF Completion Flag; This flag may be used to Indi- 
cate any or all of three events in the data transfer 
protocol. 

1. It may be used in lieu of a counter In the 
processor routine to flag the end of an 8- 
byte transfer. 

2. It must be used to Indicate the validity of 
the KPE flag. 

3. It may be used in lieu of the CCMP interrupt 
to indicate the completion of a DMA oper- 
ation. 

KPE Key Parity Error; After a new key has been 
entered, the DEU uses this flag In conjunction 
with the CF flag to indicate correct or Incorrect 
parity. 

COMMAND SUMMARY 
1 ~ Enter New Key 

OP CODE: ' ' ' ' ' ' ' ' ' 



10 



MSB 



LSB 



This command is followed by 8 data byte Inputs which 
are retained in the key buffer (RAM) to be used in 
encrypting and decrypting data. These data bytes must 
have odd parity represented by the LSB. 



2 — Encrypt Data 

OP CODE: 



|Q|oMM|Q|o|o|o| 

MSB LSB 

This command puts the 8294 into the encrypt mode. 




Data Output Buffer — Data read from this register is the 
output of the encryption/decryption operation. 

Command Input Buffer — Commands to the DEU are 
written into this register. (See command summary 
below.) 

Status Output Buffer — DEU status is available In this 
register at all times. It Is used by the processor for poll- 
driven command and data transfer operations. 

STATUS BIT: 
FUNCTION: 

OBF Output Buffer Full; OBF = 1 indicates that output 
from the encryption/decryption function is 
available In the Data Output Buffer. It is reset 
when the data Is read. 



7 


6 


5 


4 


3 


2 


1 





X 


X 


X 


KPE 


CF 


DEC 


IBF 


OBF 









1 


















3 — Decrypt Data 

OP CODE: 

MSB LSB 

This command puts the 8294 into the decrypt mode. 

4 ~ Set Mode 

OP CODE: lo I I I I A I B I C I dI 



MSB 



LSB 



where: 

A Is the OAV (Output Available) interrupt enable 
B is the SRQ (Service Request) Interrupt enable 
C is the DMA (Direct Memory Access) transfer enable 
D is the CCMP (Conversion Complete) Interrupt enable 
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This command determines which interrupt outputs will 
be enabled. A "1" in bits A, B, or D will enable the OAV, 
SRQ, or CCMP interrupts respectively. A "1" In bit C will 
allow DMA transfers. When bit C is set the OAV and 
SRQ interrupts should also be enabled (bits A,B=1)- 
Following the command in which bit C, the DMA bit, is 
set, the 8294 will expect one data byte to specify the 
number of 8-byte blocks to be converted using DMA. 

5 — Write to Output Port 

OP CODE: ' ' ' ' ' ' ' ' ' 



1 



^61 



MSB 



LSB 



This command causes the 7 least significant bits of the 
command byte to be latched as output data on the 8294 
output port. The initial output data is 1111111. Use of 
this port is independent of the encryption/decryption 
function. 



After the Enter New Key corhmand Is iss^ied, 8 data 
bytes representing the new key ar^ wfttteH t^^^^ 
input buffer (most significant byte first). Aftter thWiii^f?th . 
byte is accepted by the DEU, CF goes true <Cf^V;;|), %^| ^; 
OF bit goes false again when KPE is valid. The fepU cian^^ '\ 
then check the KPE flag. If KPE = 1, a parity error hais :, 
been detected and the DEU has not accepted the key. 
Each byte is checked for odd parity, where the parity bit 
is the LSB of each byte. 

Since the CF bit is used in this protocol to indicate the 
validity of the KPE flag, it may not be used to flag the 
end of the 8 byte key entry. CF= 1 only as long as KPE is 
invalid. Therefore, the CPU might not detect that CF= 1 
and the key entry is complete before KPE becomes 
valid. Thus, a counter should be used, as in Figure 2, to 
flag the end of the new key entry. Then, CF is used to 
indicate a valid KPE flag. 



PROCESSOR/DEU INTERFACE PROTOCOL 

ENTERING A NEW KEY 

The timing sequence for entering a new key is shown in 
Figure 1. A flowchart showing the CPU software to 
accommodate this sequence is given in Figure 2. 



SRQ 
(IF ENABLED) 



"i_rLrL__i-L_ 
=_rL_ri_rL____n 



=ir 



X 



..J-L. 



Tr~"Lr" 



"U" 



TL 



iY 



WR I [key I [key ~] fKEY 

LJ LJ DATA LJ DATA LJ DAT, 



NEW -- 

KEY 

COMMAND 




COMMAND REGISTER— 40H 



LNO ( ,BF=:0? ) 



DATA REGISTER 1 BYTE OF KEY 



L ^ IBF = 0? ) 



-J ^ 1 = 8? ) 

I " *'\ YES 

li^ cfIo? ) 



I YES 



^°-( KPE = 0? ) 




Figure 1. Entering a Nevtr Key 



Figure 2. Flowchart for Entering a New Key 
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ENCRYPTING OR DECRYPTING DATA 

Figure 3 shows the timing sequence for encrypting or 
decrypting data. The CPU writes 8 data bytes to the 
DEU's data Input buffer for encryption/decryption. CF 
then goes true (CF=1) to indicate that the DEL) has 
accepted the 8-byte block. Thus, the CPU may test for 
IBF=»0 and CF=t to terminate the input mode, or it 
may use a software counter. When the encryption/- 
decryption is complete, the CCMP and OAV interrupts 
are asserted and the OBF flag is set true (OBF= 1). OAV 
and OBF are set false again after each of the converted 
data bytes Is read back by the CPU. The CCMP interrupt 
Is set false, and remains false, after the first read. After 
8 bytes have been read back by the CPU, CF goes false 
(CF = 0). Thus, the CPU may test for CF = to terminate 
the read mode. Also, the CCMP interrupt may be used to 
Initiate a service routine which performs the next series 
of 8 data reads and 8 data writes. 



3~LrL__rL_ 
^_rLJi__n 



OAV 
(IF ENABLED) 



a_rL 
a_rL 



ii~ir"~Lr 



^ir~Lr""u 



8 DATA WRITES 100 ms - MAXIMUM 




Figure 3. Encrypting/Decrypting Data 



Figure 4 offers two flowcharts outlining the alternative 
means of implementing the data conversion protocol. 
Either the CF flag or a software counter may be used to 
end the read and write modes. 



using software counter 
(start) 





1-0 








J 


) 


r~ 


I 


LJiO( ,BF = 0? 




'1 Ytb 




DATA REGISTER— 1 DATA BYTE | 




.!..__ 


) 




1 


'1 Yt& 


Li^ ,BF = 0? 

I 




H-l + 1 1 




1 


) 

) 


**^f 1 n- 


^ 1-0. 


*| YES 

nor 




Iyes 




READ 1 CODED DATA BYTE | 






1 




M-1 




\ 


) 


t*or ._«o 






^ .-.. 



I YES 




SRQ=1 implies IBF = 0, 0AV=1 implies 0BF=1. This 
allows interrupt routines to do data transfers without 
checking status first. However, the OAV service routine 
must detect and flag the end of a data conversion. 



Figure 4. Data Conversion Flowcharts 
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USING DMA 

The timing sequence for data conversions using DMA is 
shown in Figure 5. This sequence can be better 
understood when considered in conjunction with the 
hardware DMA interface in Figure 6. Note that the use of 
the DMA feature requires 3 external AND gates and 2 
DMA channels (one for input, one for output). Since the 
DEL) has only one DMA request pin, the SRQ and OAV 
outputs are used in conjunction with two of the AND 
gates to create separate DMA request outputs for the 2 
DMA chan nels. T he third AND gate combines the two 
active-low DACK inputs. 



CCMP 
(IF ENABLED) 


r- 






CF 





'"TTinr"! 



r~L_j 



rLr""LrL.__rL 

"LT'inj-'LJ 

Lr"~Lr 



^"irLru""u 



DMA BLOCK « DMA READS 

MODE COUNT (n) 



8 DMA WRITES 



To initiate a DMA transfer, the GPU tnuSt first initialize 
the two DMA channels as shown In th^ ftd^^f»^rt, in 
Figure 7. It must then issue a Set Mode coiinmanlMq^^^ . 
DEU enabling the OAV, SRQ, and DMA 6u^pU4s/Thi ;■ 
CCMP interrupt may be enabled or disabled, depending 
on whether that output is desired. Following the Set 
Mode command, there must be a data byte giving the 
number of 8-byte blocks of data (n<256) to be converted. 
The DEU then generates the required number of DMA 
requests to the 2 DMA channels with no further CPU 
intervention. When the requested number of blocks 
has been converted, theHDEU will set CF and assert the 
CCMP interrupt (if enabled). CCMP then goes false 
again with the next write to the DEU (command or data). 
Upon completion of the conversion, the DMA mode is 
disabled and the DEU returns to the encrypt/decrypt 
mode. The enabled interrupt outputs, however, will 
remain enabled until another Set Mode command is 
issued. 



using dma 
start) 



INITIALIZE DMA READ CHANNEL POINTER 



INITIALIZE DMA WRITE CHANNEL POINTER 



ENABLE DMA CHANNELS 



REPEATED n TIMES 



LNg- ( |BF = 0? ) 



Figure 5. DMA Sequence 



COMMAND REGISTER * 



Ao-Ai5 D0-D7 




DMARO IS FOR MEMORY TO DEU DATA TRANSFER 
DMAR1 IS FOR DEU TO MEMORY DATA TRANSFER 
USE OF CCMP IS OPTIONAL 



LIiQ-( IBF==0? ) 



DATA REGISTER NUMBER OF BLOCKS TO BE CODED 




Figure 7. DMA Flowchart 



Figure 6. DMA Interface 



SINGLE BYTE COMMANDS 

Figure 8 shows the timing and protocol for single byte 
commands. Note that any of the commands Is effective 
as a pacify command In that they may be entered at any 
time, except during a DMA conversion. The DEU Is thus 
set to a known state. However, if a command Is issued 
out of sequence, an additional protocol is required 
(Figure 9). The CPU must wait until the command Is 
accepted (IBF = 0). A data read must then be issued to 
clear anything the preceding command sequence may 
have left in the Data Output Buffer. 
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CPU/OEU INTERFACES 

Figures 10 through 13 illustrate four interface configura- 
tions used m the CPU/D€U data transfers, in all cases 
Sf^Q wiFI be true (tf ermbled) and iBF will t>e false when 
the DEU is ready to accept data or commands. 



Jl 



[ START ] 



_N0__/ '^ \ 



COMMAND REGISTER COMMAND 







Figure 8. Single Byte Commands 



INTERFACE TO 
8080,8085,8048, _ 
OR OTHER 
8BIT PROCESSOR 




Figure 10. Polling Interface 



MASTER 
PROCESSOR - 
INTERFACE 





-/ iBF = 0? j 



COMMAND REGISTER-" — OOH 



-/ IBF = 0? j 



READ DATA REGISTER 




Figure 9. Pacify Protocol 



Figure 11. Single Interrupt Interface 



MASTER 
PROCESSOR - 
INTERFACE 




Figure 12. Dual Interrupt Interface 
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Ao-Ai5 D0-D7 




20 pF 



20 pF 




DMARO IS FOR MEMORY TO DEU DATA TRANSFER 
DMAR1 IS FOR DEU TO MEMORY DATA TRANSFER 
USE OF CCMP IS OPTIONAL 



Figure 13. DMA Interface 



OSCILLATOR AND TIMING CIRCUITS 

The 8294's internal timing generation is controlled by a 
self-contained oscillator and timing circuit. A choice of 
crystal, L-C or external clock can be used to derive the 
basic oscillator frequency. 

The resident timing circuit consists of an oscillator, a 
state counter and a cycle counter as illustrated in Figure 
14. 









X1 


X2 




























6 MHz 
OSCILLATOR 






























-r3 

STATE 

COUNTER 


1 


4-5 

CYCLE 

COUNTER 












1 




; 








V, 




















V 

INTERNAL TIMING 








SYNC 
OUTPUT 
(2.5 psec) 



Figure 14. Oscillator Configuration 



OSCILLATOR 

The on-board oscillator is a series resonant circuit with 
a frequency range of 1 to 6 MHz. Pins X1 and X2 are 
input and output (respectively) of a high gain amplifier 
stage. A crystal or inductor and capacitator connected 
between XI and X2 provide the feedback and proper 
phase shift for oscillation. Recommended connections 
for crystal or L-C are shown in Figure 15. 



Figure 15. Recommended Crystal and L-C Connections 

A recommended range of inductance and capacitance 
combinations is given below: 

L= 130 fiH corresponds to 3 MHz 
L= 40 |L(H corresponds to 5 MHz 

An external clock signal can also be used as a frequency 
reference to the 8294; however, the levels are not com- 
patible. The signal must be in the 1 MHz-6 MHz fre- 
quency range and must be connected to pins XI and X2 
by buffers with a suitable pull-up resistor to guarantee 
that a logic "1" is above 3.0 volts. Two recommended 
connections are shown in Figure 16. 
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2Xfc 



OR 



STANDARD TTL OR 
OPEN COLLECTOR 




^':> 



TTL FLIP-FLOP 



Figure 16. Recommended Connections for External Cioclc Signal 



ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias OX to 70**C 

Storage Temperature - 65°C to + 150X 

Voltage on Any Pin With 

Respect to Ground 0.5V to + 7V 

Power Dissipation 1.6 Watt 



^COMMENT 

stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



D.C. AND OPERATING CHARACTERISTICS 

Ta = OX TO 70X, Vcc = Vdd = -*■ 5V± 10% Vss = OV 





Parameter 


Limits 


Unit 




Symbol 


Min. 


Typ. 


Max. 


Test Conditions 


V,L 


Input Low Voltage (All 
Except Xi, X2. RESET) 


-0.5 




0.8 


V 




V.H, 


Input High Voltage (All 
Except Xi, X2 RESET) 


2.0 




Vcc 


V 




V,H2 


Input High Voltage (Xi,X2 
RESET) 


3.0 




Vcc 


V 




V0Li 


Output Low Voltage (D0-D7, 
Sync) 






0.45 


V 


Iql = 2.0 mA 


V0L2 


Output Low Voltage All 
Other Outputs 






0.45 


V 


Iql = 1.6 mA 


V0H1 


Output High Voltage (D0-D7) 


2.4 






V 


loH = -400mA 


VoH2 


Output High Voltage (All 
Other Outputs) 


2.4 






V 


loH = -50mA 


l|L 


Input Leakage Current 
RD, WR, OS, Ao, 






±10 


mA 


Vss<V,N<Vcc 


•oz 


Output Leakage Current 
(D0-D7, High Z State) 






±10 


mA 


Vss + 0.45<V|N<Vcc 


'dd 


Vdd Supply Current 




10 


25 


mA 




'dd+ 'cc 


Total Supply Current 




65 


135 


mA 




Ilii 


Low Input Load Current 
Pins 24, 27-38 






0.4 


mA 


V|L = 0.8V 


kl2 


Low Input Load Current 
RESET 






0.2 


mA 


V,L = 0.8V 
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A.C, CHARACTERISTICS 1^= 
DBB READ 



8294 



0XTO70X, Vcc = Vdd= +5V±10%,Vss = 0V 



Symbol 


1 

Parameter 


Min. 


Max. 


Unit 


Test Conditions 


tAR 


CS,Ao Setup to RD I 







ns 


, ''. 


tRA 


CS, Ao Hold After RD t 







ns 




tRR 


RD Pulse Width 


250 




ns 




tAD 


CS, Ao to Data Out Delay 




150 


ns 




tRD 


RD i to Data Out Delay 




150 


ns 




tRDF 


RD t to Data Float Delay 


10 




ns 






100 


ns 




^RV 


Recovery Time Between 
Reads and/or Write 


1 




^s 




^CY 


Cycle Time 


2.5 




MS 


6 MHz Crystal 



DBB WRITE 












Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


^AW 


CS, Ao Setup to WR i 







ns 




twA 


CS, Ao Hold After WR t 







ns 




tww 


WR Pulse Width 


250 




ns 




^DW 


Data Setup to WR t 


150 




ns 




twD 


Data Hold to WR t 







ns 





DMA AND INTERRUPT TIMING 










Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


tKC 


DACK Setup to Control 


50 




ns 




tcK 


DACK Hold After Control 







ns 




tcR 


Control LE. to DRQ T.E. 




150 


ns 




tci 


Control T.E. to 
Interrupt T.E. 




tcY + 500 


ns 





A.C. TEST CONDITIONS 



D7-D0 Outputs Cl = 150 pF 
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WAVEFORMS 

1. READ OPERATION - OUTPUT BUFFER REGISTER. 



CS OR Ao 



K 



-tRV- 



^. 



/ 



-tAD- 



OATA BUS 
(OUTPUT) 



<; 



> 



\ 






(READ CONTROL) 



2. WRITE OPERATION - INPUT BUFFER REGISTER. 



CS OR Ao 



K 



\ 



DATA BUS 
(INPUT) 



DATA 
MAY CHANGE 



./' 



V- DATA VALID *^V 



two 



DATA 
MAY CHANGE 



(SYSTEM'S 
ADDRESS BUS) 



(WRITE CONTROL) 



DMA AND INTERRUPT TIMING 



-TCR- 



-rci- 
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8295 
DOT MATRIX PRINTER CONTROLLER 



Interfaces Dot Matrix Printers to 
MCS-48TM, MCS-80''"'^, IWICS-SST'^ 
Systems 

40 Character Buffer On Chip 

Serial or Parallel Communication with 
Host 

DMA Transfer Capability 

Programmable Character Density (10 or 
12 Chararcters/lnch) 



■ Programmable Print Intensity 



■ Single or Double Width Printing 



Programmable Multiple Line Feeds 



3 Tabulations 



■ 2 General Purpose Outputs 



The Intel® 8295 Dot Matrix Printer Controller provides an interface for microprocessors to the LRC 7040 Series dot 
matrix impact printers. It may also be used as an interface to other similar printers. 

The chip may be used in a serial or parallel communication mode with the host processor. Furthermore, it provides 
internal buffering of up to 40 characters and contains a 7x7 matrix character generator accommodating 64 ASCII 
characters. 



PIN 
CONFIGURATION 



PIN NAMES 



BLOCK DIAGRAM 



PFEEDC 1 

XlC 2 

X2C 3 

RESET C 4 

NCC 5 

^C 6 

GNDC 7 

mC 8 

VCCC 9 

WRC 10 

SYNCC 11 

DoC 12 

DiC 13 

D2C 14 

D3C 15 

D4C 16 

DsC 17 

Dec 18 

D7C 19 

gndC 20 



Dvcc 

Hhome 

JDACK/siN 

DDRQ/CT5 

31RQ/SER 

D"W?5t 

DSTB 

3^ 
D5i 
D5J 

DVdd 
3nc 

3GP1 
DGP2 

3T5F 
DprB 



PIN NAME 


FUNCTION 


D0-D7 


DATA BUS 


RD,WR 


READ, WRITE STROBES 


CS 


CHIP SELECT 


RESET 


RESET INPUT 


Xl,X2 


FREQUENCY REFERENCE INPUTS 


SYNC 


HIGH FREQUENCY OUTPUT 


MOT, PFM 


MAIN, PAPER FEED MOTOR DRIVES 


DRQ, DACK 


DMA REQUEST, ACKNOWLEDGE 


SIN, CTS 


SERIAL INPUT, CLEAR-TO-SEND 


IRQ/SER 


INTERRUPT REQUEST, SERIAL GROUND 


S1-S7 


SOLENOID DRIVE OUTPUTS 


PFEED 


PAPER FEED INPUT 


HOME, TOF 


HOME, TOPOFFORM INPUTS 


STB 


SOLENOID STROBE OUTPUT 


GP1, GP2 


GENERAL PURPOSE OUTPUTS 


VCC,VDD,GND 


+ 5V POWER, GND 



OATA/^ N °:Js / N 

' \j 1/ BUFFERS \j 1/ 



WR - 
^- 

dack)sin - 

DRQ/CTS - 
RESET - 



<^ 



<^ 



<^ 



- STB 

- MOT 

- PFM 

- HOME 

- PFEED 



^ 
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FUNCTIONAL DESCRIPTION 

The 8295 Interfaces microcomputers to the LRC 7040 
Series dot matrix impact printers, and to other similar 
printers. It provides Internal buffering of up to 40 char- 
acters. Printing begins automatically when the buffer is 
full or when a carriage return character is received. 

Communication between the 8295 and the host proc- 
essor can be Implemented in either a serial or parallel 



mode. The parallel mode allows for character transfers 
Into the buffer via DMA cycles. The serial mode features 
selectable data rates from 110 to 4800 baud. 

The 8295 also offers two general purpose output pins 
which can be set or cleared by the host processor. They 
can be used with various printers to implement such 
functions as ribbon color selection, enabling form 
release solenoid, and reverse document feed. 



COMMAND SUMMARY 

Hex Code Description 

00 Clear GP1. This command brings the GP1 
pin to a logic low state. After power on it is 
automatically set high. 

01 Clear GP2. Same as the above but for GP2. 

02 Set GP1 . Sets GP1 pin to a logic high state, 
Inverse of command 00. 

03 Set GP2. Same as above but for GP2. In- 
verse command 01. 

04 Software Reset. This is a pacify command. 
This command is not effective immediately 
after commands requiring a parameter, as 
the Reset command will be interpreted as a 
parameter. 

05 Print 10 characters/In. density. 

06 Print 12 characters/In. density. 

07 Print double width characters. This com- 
mand prints characters at twice the normal 
width, that is, at either 17 or 20 characters 
per line. 

08 Enable DMA mode; must be followed by two 
bytes specifying the number of data charac- 
ters to be fetched. Least significant byte ac- 
cepted first. 



Hex Code Description 

09 Tab character. 

OA Line feed. 

OB Multiple Line Feed; must be followed by a 

byte specifying the number of line feeds. 

OC Top of Form. Enables the line feed output 

until the Top of Form input h activated. 

OD Carriage Return. Signifies end of a line and 

enables the printer to start printing. 

OE Set Tab #1, followed by tab position byte. 

OF Set Tab #2, followed by tab position byte. 

Should be greater than Tab #1. 

10 Set Tab #3, followed by tab position byte. 
Should be greater than Tab #2. 

11 Print Head Home on Right. On some 
printers the print head home position is on 
the right. This command would enable nor- 
mal left to right printing with such printers. 

12 Set Strobe Width; must be followed by 
strobe width selection byte. This command 
adjusts the duration of the strobe activa- 
tion. 



CHARACTER SET 

Hex Code Print Char. Hex Code Print Char. 



20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
2A 
2B 
2C 
2D 
2E 
2F 



space 

I 



# 
$ 
% 
& 



30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
3A 
38 
3C 
3D 
3E 
4F 



> 

9 



Hex Code Print Char. 



40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
5A 
48 
4C 
4D 
4E 
4F 



A 
8 
C 
D 
E 
F 
G 
H 
I 

J 
K 
L 
M 
N 
O 



Hex Code 


Print Char. 


50 


P 


51 


Q 


52 


R 


53 


S 


54 


T 


55 


U 


56 


V 


57 


w 


58 


X 


59 


Y 


5A 


z 


58 


I 


5C 


\ 


5D 


1 


5E 


t 


5F 


— 
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PIN DESCRIPTION 



Name I/O Pin# Description 

D0-D7 I/O 12-19 Three-state bidirectional data 

bus buffer lines used to Inter- 
face the 8295 to the host proc- 
essor in the parallel mode. In 
the serial mode D0-D2 sets up 
the baud rate. 

WR I 10 Write input which enables the 

master CPU to write data and 
commands to the 8295. In the 
serial mode this pin must be 
tied to ground. 

RD I 8 Read input which enables the 

master CPU to read data and 
status. In the serial mode this 
pin must be tied to Vcc- 

CS I 6 Chip select input us ed to 

enable the RD and WR inputs 
except during DMA, active low. 

RESET I 4 Reset input, active low. After 

reset the 8295 will be set for 12 
characters/inch single width 
printing, solenoid strobe at 320 
msec. 

PFEED I 1 Paper feed input switch. 

HOME I 39 Home input switch, used by 

the 8295 to detect that the print 
head is in the home position. 

X-i, X2 i 2,3 Inputs for a crystal to set in- 

ternal oscillator frequency. For 
proper operation use 6 MHz 
crystal. 

PFM O 21 Paper feed motor drive, active 

low. 



Name 


I/O 


Pin# 


MOT 





35 


GP1,GP2 






23,24 


S1-S7 


27-33 


STB 





34 



TOF 



DRQ/CTS O 



DACK/ 
SIN 



SYNC 



22 



IRQ/SER I/O 36 



37 



I/O 38 



O 11 



Description 

Main motor drive, active low. 

General purpose output pins. 

Solenoid drive outputs; active 
low. 

Solenoid strobe output. Used 
to determine duration of sole- 
noids activation. 

Top of form input, used to 
sense top of form signal for 
type T printer, active low. 

In parallel mode it is an inter- 
rupt request input to the 
master CPU; in serial mode it 
should be strapped to ground. 

In the parallel mode used as 
DMA request output pin to in- 
dicate to the 8257 that a DMA 
transfer is requested; in the 
serial mode used as clear-to- 
send signal. 

In the parallel mode used as 
DMA acknowledgement; in the 
serial mode, used as input for 
data. 

Output signal which occurs 
once per instruction cycle (2.5 
iASec with 6 MHz crystal); can 
be used as a reference clock. 



Vcc 


- 9,40 


+ 5V power supply. 


Vdd 


- 26 


-I-5V low power standby sup 
ply- 


GND 


- 20 


Circuit and supply ground. 
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Intel 



MODEL 210 

INTELLEC SERIES li 

MICROCOMPUTER DEVELOPMENT SYSTEM 



Low cost development system for 
MCS-80, MCS-85, and MCS-48 microproc- 
essor families 



Built-in interfaces for TTY, CRT, printer, 
high speed paper tape reader/punch and 
universal PROM programmer 



Compact four-slot chassis 

Single LSI electronics board with CPU, 
32K bytes RAM memory, and 4K bytes 
ROM memory 

Self-test diagnostic capability 



Standard MULTIBUS with multiproc- 
essor and DMA capabilities 

ROM-based monitor, assembler, and 
editor 

Compatible with standard Intellec/iSBC 
expansion modules 



Eight-level nested, maskable priority 
interrupt system 



Software compatible with previous 
Intellec systems 



The Model 210 Intellec Series II Microcomputer Development System is a low cost, fully supported development sys- 
tem providing basic hardware and software support for development of products based around Intel's MCS-80 or 
MCS-85 microprocessor families. Through optional software, this development capability can be extended to products 
based on the MCS-48 family of microprocessors. Using the user supplied system console (TTY or equivalent), the pro- 
duct designer may enter and correct a program source code, assemble, and begin execution, all using the Model 210 
ROM-resident editor/assembler. MCS-80 and MCS-85 debugging is accomplished by means of system monitor debug 
commands. Completed programs may be punched to paper tape for loading into the user's system or programmed into 
PROM using the optional Intellec UPP-103 Universal PROM Programmer. 
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MODEL 210 



FUNCTIONAL DESCRIPTION 

Hardware Components 

The Intellec Series II Model 210 is a compact, 4-inch 
table-top chassis with a 4-slot cardcage, power supply, 
and two printed circuit cards. The CPU, interrupt, I/O, 
and bus interface circuitry are all fashioned from Intel's 
high technology LSI components and located on one PC 
board. Known as the integrated processor board (IPB), it 
occupies the first slot in the cardcage. A second PC 
board (the parallel I/O board — PIO) containing addi- 
tional I/O interface logic Is mounted on the rear panel. 
The remaining 3 slots In the cardcage are available for 
system expansion. A simplified block diagram of the 
IPB is shown in Figure 1. 

System Components 

The heart of the IPB is an Intel NMOS 8-bit microproces- 
sor, the 8080A-2, running at 2.6 MHz. 32K bytes of RAM 
memory are provided on the board using Intel 16K 
RAMs. 4K of ROM is provided, preprogrammed with sys- 
tem bootstrap "self-test" diagnostics, and the Intellec 
Series il System Monitor. The eight-level vectored prior- 
ity interrupt system allows interrupts to be individually 
masked. Using Intel's versatile 8259 interrupt controller, 
the interrupt system may be user programmed to 
respond to individual needs. 

Input/Output 

IPB Serial Channels — The I/O subsystem in the Model 
210 consists of two parts. Two serial channels are pro- 
vided directly on the IPB itself. Each channel is RS232 
compatible and Is capable of running asynchronously 
from 1 10 to 9600 baud or synchronously from 150 to 56K 
baud. One channel contains current loop adapters for 
teletype compatibility. Both channels are Implemented 
using Intel's 8251 USART. They can be programmatic- 
ally selected to perform a variety of I/O functions. Baud 
rate selection Is accomplished programmatically 
through an Intel 8253 interval timer. The 8253 also 
serves as the real-time clock for the entire system. I/O 
activity is signaled to the system through a second 8259 



interrupt controller, operating in a polled mode, nested 
to the primary 8259. 

PIO Interface Logic — The second part of the I/O sub- 
system consists of the interface logic provided on the 
PIO board itself. Utilizing Intel's UPI-41 programmable 
peripheral controller, the PIO board provides device 
interfaces for standard Intellec peripherals, including a 
printer, high speed paper tape reader, high speed paper 
tape punch, and Universal PROM programmer. Com- 
munication between the IPB and PIO is maintained over 
a separate 8-bit bidirectional data bus. Connectors for 
the four devices specified above, as well as the two 
serial channels, are mounted directly on the PIO. 

Control 

User control is maintained through a front panel con- 
sisting of a power switch and indicator, reset/boot 
switch, run/halt light, and eight interrupt switches and 
indicators. The front-panel circuit board is attached 
directly to the IPB, allowing the eight interrupt switches 
to connect to the primary 8259, as well as to the Intellec 
Series 11 bus. 

MULTIBUS Capability 

All Intellec Series II models Implement the industry- 
standard MULTIBUS. MULTIBUS enables several bus 
masters, such as CPU and DMA devices, to share the 
bus and memory by operating at different priority levels. 
Resolution of bus exchanges Is synchronized by a bus 
clock signal derived independently from processor 
clocks. Read/write transfers may take place at rates up 
to 5 MHz. The bus structure is suitable for use with any 
Intel microprocessor family. 

Software 

All standard Model 210 software is ROM-based to elimi- 
nate costly delays of loading paper tape. The capabili- 
ties of the system monitor with its "self-test" diagnos- 
tics, text editor, and MCS-80/MCS-85 or MCS-48 ROM 
assemblers are described on pages 10-22 to 10-25 of this 
catalog. 



PIO/IOC 

PORT 

INTERFACE 




AUXILIARY 

ROM BOARD 

20K ROM 




4K BYTES 
ROM 



8LEVEL 
PRIORITY 
INTERRUPT 



/front\ 

^ I PANEL 1 

VcONTROLy 



LOCAL 

INTERRUPT 

CONTROL 

8259 



SERIAL 

CHANNEL 

8251 



SERIAL 
CHANNEL 1 



BAUD RATE 

GENERATOR & 

REALTIME CLOCK 

8253 



INTELLEC BUS 



BUS 
RESOLUTION 
& CONTROL 



Figure 1. Simplified Integrated Processor Board (IPB) Block Diagram for the Model 210 Intellec Series II 
Microcomputer Development System 
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MODEL 210 



SPECIFICATIONS 

Host Processor (IPB) 

8080A-2 based, operating at 2.600 MHz. 

RAM — 32K, expandable to 64K with iSBC 032 RAM 

board (system monitor occupies 62K through 64K) 

ROM — 4K (2K In monitor, 2K in boot/diagnostic), 

expandable with addition of 20K auxiliary ROM board 

containing text editor and assembler 

Bus — MULTIBUS, maximum transfer rate of 5 MHz 

Clocks — Host processor, crystal controlled at 2.6 MHz, 

bus clock, crystal controlled at 9.8304 MHz 

Memory Access Time 

RAM — 585 ns max 
PROM — 450 ns max 

I/O Interfaces 

2 serial I/O channels, RS232C, at 110-9600 baud (asyn- 
chronous) or 150-56K baud (synchronous). Baud rates 
and serial format fully programmable using Intel 8251 
USARTs. Serial channel 1 additionally provided with 20 
mA current loop. Parallel I/O Interfaces provided for 
paper tape punch, paper tape reader, printer, and 
UPP-103 Universal PROM Programmer. 

Interrupts 

8-level, maskable, nested priority interrupt network Initi- 
ated from front panel or user selected devices. 

Direct Memory Access (DMA) 

standard capability on MULTIBUS; implemented for 
user selected DMA devices through optional DMA 
module — maximum transfer rate of 2 MHz. 

Physical Characteristics 

Width — 17.37 in. (44.12 cm) 
Height — 4.81 in. (12.22 cm) 
Depth — 19.13 in. (48.59 cm) 
Weight - 45 lb (20.5 kg) 



Electrical Characteristics 
DC Power Supply 



Volts 


Amps 


Typical 


Supplied 


Supplied 


System Requirements 


+ 5 ±5% 


24 


3.5 


+ 12 ±5% 


2.0 


0.1 


-12 ±5% 


0.3 


0.05 


-10 ±5% 


1.0 


0.1 



AC Requirements 

50-60 Hz, 115/230V AC 

Environmental Characteristics 

Operating Temperature — OX to 35 X (95 "F) 

Equipment Supplied 

Model 210 chassis 

Integrated processor board (IPB) 

Parallel I/O board (PIO) 

ROM-resident system monitor 

Auxiliary ROM board with MCS-80/MCS-85 assembler 

and text editor 
PROM programming software (paper tape) 
Assembler cross reference program (paper tape) 

Reference Manuals 

9800558 — A Guide to Microcomputer Development 
Systems (SUPPLIED) 

9800557 — Intellec Series II Model 210 User's Guide 
(SUPPLIED) 

9800555 — Intellec Series 11 Hardware Interface Manual 
(SUPPLIED) 

9800301 — 8080/8085 Assembly Language Program- 
ming Manual (SUPPLIED) 

9800605 — Intellec Series II System Monitor Source 
Listing (SUPPLIED) 

9800554 — Intellec Series II Schematic Drawings 
(SUPPLIED) 

Reference manuals are shipped with each product only 
if designated SUPPLIED (see above). Manuals may be 
ordered from any Intel sales representative, distributor 
office or from Intel Literature Department, 3065 Bowers 
Avenue, Santa Clara, California 95051. 



ORDERING INFORMATION 

Part Number Description 

MDS-210 Intellec Series II Model 210 

microcomputer development system 
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MUDEL 220 

INTELLEC SERIES II 

MICROCOMPUTER DEVELOPMENT SYSTEM 



Complete microcomputer development 
system in one package for MCS-80, 
MCS-85, and MCS-48 microprocessor 
families 



Single LSI electronics board with CPU, 
32K bytes RAM memory, and 4K bytes 
ROM memory 

Self-test diagnostic capability 



Integral CRT with detachable upper/ 
lower case typewriter-style full ASCII 
keyboard 

Integral 250K-byte floppy disk with total 
storage capacity expandable to over 2M 
bytes 

Powerful ISIS-II Diskette Operating 
System with relocating macroassembler, 
linker, and locater 



Eight-level nested, maskable priority 
interrupt system 



Built-in interfaces for high speed paper 
tape reader/punch, printer, and universal 
PROM programmer 



Standard MULTIBUS with multi- 
processor and DMA capability 

Compatible with standard Intellec/iSBC 
expansion modules 

Software compatible with previous 
Intellec systems 



The Model 220 Intellec Series II Microcomputer Development System is a complete microcomputer development 
system integrated Into one compact package. It includes a CPU with 32K bytes of RAM memory, 4K bytes of ROM 
memory, a 2000-character CRT, detachable full ASCII keyboard with cursor controls and upper/lower case capability, 
and a 250K-byte floppy diskette drive. Powerful ISIS-H Diskette Operating System software allows the Model 220 to be 
used quickly and efficiently for assembling and debugging programs for Intel's MCS-80, MCS-85, or MCS-48 micro- 
processor families without the need for paper tape handling. ISIS-II performs all file handling operations for the user, 
leaving him free to concentrate on the details of his own application. When used in conjunction with an optional in- 
circuit emulator (ICE) module, the Model 220 provides all the hardware and software development tools necessary for 
the rapid development of a microcomputer-based product. 
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MODEL 220 



FUNCTIONAL DESCRIPTION 

Hardware Components 

The Intellec Series II Model 220 is a packaged, higlily 
integrated microcomputer development system consist- 
ing of a CRT chassis with a 6-slot cardcage, power sup- 
ply, fans, cables, single floppy diskette drive, and two 
printed circuit cards. A separate, full ASCII keyboard is 
connected with a cable. 

CPU Cards — The master CPU card contains Its own 
microprocessor, memory, I/O, interrupt, and bus inter- 
face circuitry, fashioned from Intel's high-technology 
LSI components. Known as the integrated processor 
board (IPB), it occupies the first slot in the cardcage. A 
second, slave CPU card, is responsible for all remaining 
I/O control, including the CRT and keyboard interface 
and floppy disk control. This card, mounted on the rear 
panel, also contains Its own microprocessor, RAM and 
ROM memory, and I/O interface, thus in effect creating a 
dual processor environment. Known as the I/O con- 
troller (IOC), the slave CPU card communicates with the 
IPB over an 8-bit bidirectional data bus, thus leaving the 
remaining 5 slots in the cardcage available for system 
expansion. A block diagram of the IOC is shown in 
Figure 1. 

System Components 

The heart of the IPB is an Intel NMOS 8-bit microproces- 
sor, the 8080A-2, running at 2.6 MHz. 32K bytes of RAM 
memory are provided on the board using Intel 16K 
RAMs. 4K of ROM is provided, preprogrammed with sys- 
tem bootstrap "self-test" diagnostics and the Intellec 
Series li System Monitor. The eight-level vectored prior- 
ity Interrupt system allows interrupts to be individually 
masked. Using Intel's versatile 8259 interrupt controller, 
the interrupt system may be user programmed to 
respond to individual needs. 



Input/Output 

IBP Serial Channels — The I/O subsystem in the Model 
220 consists of two parts: the IOC card and two serial 
channels on the IPB itself. Each serial channel is RS232 
compatible and is capable of running asynchronously 
from 110 to 9600 baud or synchronously from 150 to 56K 
baud. Both may be connected to a user defined data set 
or data terminal. One channel contains current loop 
adapters. Both channels are implemented using Intel's 
8251 USART. They can be programmatically selected to 
perform a variety of I/O functions. Baud rate selection is 
accomplished programmatically through an Intel 8253 
interval timer. The 8253 also serves as a real-time clock 
for the entire system. I/O activity through both serial 
channels is signaled to the system through a second 
8259 interrupt controller, operating in a polled mode, 
nested to the primary 8259. 

IOC Interface — The remainder of system I/O activity 
takes place in the IOC. The IOC provides interfaces for 
the CRT, keyboard, integral floppy disk and standard 
Intellec peripherals, including a printer, high speed 
paper tape reader/punch, and universal PROM program- 
mer. The IOC contains its own independent microproc- 
essor, also an 8080A-2. This CPU controls all I/O opera- 
tions, as well as supervising communications with the 
IPB. 8K bytes of ROM contain all I/O control firmware. 
8K bytes of ROM are used for CRT screen refresh stor- 
age and the floppy disk buffer. These do not occupy any 
space in Intellec Series II main memory since the IOC is 
a totally independent microcomputer subsystem. 

Integral CRT Display — The CRT is a 12-inch raster 
scan-type monitor with a 50/60 Hz vertical scan rate and 
15.5 kHz horizontal scan rate. Controls are provided for 
brightness and contrast adjustments. The interface to 
the CRT is provided through an Intel 8275 single chip, 
programmable CRT controller. The master processor on 
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Figure 1. I/O Controller (IOC) Block Diagram for the Model 220 Intellec Series II Microcomputer Development Systen 
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the IPB transfers a character for display to the IOC, 
where it is stored in RAM. The CRT controller reads a 
line at a time into its line buffer through an Intel 8257 
DMA controller and then feeds one character at a time 
to the character generator to produce the video signal. 
Timing for the CRT control is provided by an Intel 8253 
interval timer. The screen display is formatted as 25 
rows of 80 characters. The full set of ASCII characters 
are displayed, including lower-case alphas. 

Keyboard — The keyboard interfaces directly to the IOC 
processor via an 8-bit data bus. The keyboard contains 
an Intel UPI-41 Universal Peripheral Interface, which 
scans the keyboard, encodes the characters, and buf- 
fers the characters to provide N-key rollover. The key- 
board itself is a high quality typewriter-style keyboard 
containing the full ASCII character set. An upper/lower 
case switch allows the system to be used for document 
preparation. Cursor control keys are also provided. 

Floppy Disk Drive 

The floppy disk drive is controlled by an Intel 8271 
single chip, programmable floppy disk controller. It 
transfers data via an Intel 8257 DMA controller between 
an IOC RAM buffer and the diskette. The 8271 handles 
reading and writing of data, formatting diskettes, and 
reading status, all upon appropriate commands from the 
IOC microprocessor. 

Peripheral Interface 

A UPI-41 Universal Peripheral Interface on the IOC board 
performs similar functions to the UPI-41 on the PIO 
board in the Model 210. It provides interface for other 



standard Intellec peripherals, including a printer, high 
speed paper tape reader, high speed paper tape punch, 
and universal PROM programmer. Communication 
between the IPB and IOC is maintained over a separate, 
8-bit bidirectional data bus. Connectors for the devices 
named above, as well as the two serial channels, are 
mounted directly on the IOC itself. 

Control 

User control is maintained through a front panel con- 
sisting of a power switch and indicator, reset/boot 
switch, run/halt light, and eight interrupt switches and 
indicators, the front-panel circuit board is attached 
directly to the IPB, allowing the eight interrupt switches 
to connect to the primary 8259, as well as to the Intellec 
Series II bus. 

MULTIBUS Capability 

All Intellec Series II models Implement the industry- 
standard MULTIBUS. MULTIBUS enables several bus 
masters, such as CPU and DMA devices, to share the 
bus and memory by operating at different priority levels. 
Resolution of bus exchanges is synchronized by a bus 
clock signal derived independently from processor 
clocks. Read/write transfers may take place at rates up 
to 5 MHz. The bus structure is suitable for use with any 
Intel microcomputer family. 

Expansion 

The Model 220 may be expanded to 64K of RAM and up 
to 2.25M bytes of on-line diskette storage. 



SPECIFICATIONS 

Host Processor (IPB) 

8080A-2 based, operating at 2.600 MHz. 
RAM — 32K, expandable to 64K with iSBC 032 RAM 
boards (system monitor occupies 62K through 64K) 
ROM — 4K (2K in monitor, 2K in boot/diagnostic) 
Bus — MULTIBUS, maximum transfer rate of 5 MHz 
Clocks — Host processor, crystal controlled at 2.6 MHz, 
bus clock, crystal controlled at 9.8304 MHz 



I/O Interfaces 

2 Serial I/O Channels, RS232C, at 110-9600 baud (asyn- 
chronous) or 150-56K baud (synchronous). Baud rates 
and serial format fully programmable using Intel 8251 
USARTs. Serial Channel 1 additionally provided with 20 
mA current loop. Parallel I/O interfaces provided for 
paper tape punch, paper tape reader, printer, and 
UPP-103 Universal PROM Programmer. 



Interrupts 

8-level, maskable, nested priority interrupt network initi- 
ated from front panel or user selected devices. 



Direct Memory Access (DMA) 

standard capability on MULTIBUS; implemented for 
user selected DMA devices through optional DMA 
module — maximum transfer rate of 2 MHz. 

Memory Access Time 

RAM — 585 ns max 
PROM — 450 ns max 

Diskette 

Diskette System Capacity — 250K bytes (formatted) 
Diskette System Transfer Rate — 160K bits/sec 
Diskette System Access Time 

Track-to-Track: 10 ms max 

Average Random Positioning: 260 ms max 

Rotational Speed: 360 rpm 

Average Rotational Latency: 83 ms max 

Recording Mode: FM 

Physical Characteristics 

Width — 17.37 in. (44.12 cm) 
Height -. 15.81 in. (40.16 cm) 
Depth — 19.13 in. (48.59 cm) 
Weight — 86 lb (39 kg) 



12-8 



MODEL 220 



Keyboard 

Width — 17.37 in. (44.12 cm) 
Height — 3.0 in. (7.62 cnn) 
Depth — 9.0 in. (22.0 cm) 
Weight — 6 lb (3 kg) 

Electrical Characteristics 
DC Power Supply 



Volts 


Amps 


Typical 


Supplied 


Supplied 


System Requirements 


+ 5 ±5% 


30.0 


7.5 


+ 12 ±5% 


2.5 


0.2 


-12 ±5% 


0.3 


0.05 


-10 ±5% 


1.5 


0.15 


+ 15 ±5% 


1.5 


1.3* 


+ 24 ±5% 


1.7 


1.2* 



*Not available on bus. 

AC Requirements 

50-60 Hz. 115/230V AC 

Equipment Supplied 

Model 220 chassis 

Integrated processor board (IPB) 

I/O controller board (IOC) 

CRT and keyboard 

250K-byte floppy disk drive 

ROM resident system monitor 

ISIS-II system diskette with MCS-80/MCS-85 

macroassembler 



Reference Manuals 

9800558 — A Guide to Microcomputer Development 
Systems (SUPPLIED) 

9800559 — Intellec Series II Installation and Service 
Manual (SUPPLIED) 

9800306 — ISIS-II System User's Guide (SUPPLIED) 

9800556 — Intellec Series II Hardware Reference Man- 
ual (SUPPLIED) 

9800555 — Intellec Series II Hardware Interface Manual 
(SUPPLIED) 

9800301 — 8080/8085 Assembly Language Program- 
ming Manual (SUPPLIED) 

9800605 — Intellec Series II System Monitor Source 
Listing (SUPPLIED) 

9800554 — Intellec Series II Schematic Drawing 
(SUPPLIED) 



Reference manuals are shipped with each product only 
if designated SUPPLIED (see above). Manuals may be 
ordered from any Intel sales representative, distributor 
office or from Intel Literature Department, 3065 Bowers 
Avenue, Santa Clara, California 95051. 



ORDERING INFORMATION 
Part Number Description 

MDS-220 Intellec Series II Model 220 

microcomputer development system 
(110V/60 Hz) 

MDS-221 Intellec Series II Model 220 

microcomputer development system 
(220V/50 Hz) 
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MODEL 230 

INTELLEC SERIES II 

MICROCOMPUTER DEVELOPMENT SYSTEM 



Complete microcomputer development 
center for Intel MCS-80, MCS-85, and 
MCS-48 microprocessor families 

LSI electronics board with CPU, RAM, 
ROM, I/O, and interrupt circuitry 

64K bytes RAM memory 

Self-test diagnostic capability 

Eight-level nested, maskable priority 
interrupt system 

Built-in interfaces for high speed paper 
tape reader/punch, printer, and universal 
PROM programmer 

Integral CRT with detachable upper/ 
lower case typewriter-style full ASCII 
keyboard 



Powerful ISIS-il Diskette Operating 
System software with relocating 
macroassembler, linker, and loc9ter 



1 million bytes (expandable to 2.5M 
bytes) of diskette storage 

Supports PL/M and FORTRAN high level 
languages 



Standard MULTIBUS with multiprocessor 
and DMA capability 

Compatible with standard Intellec/iSBC 
expansion modules 



Software compatible with previous 
Intellec systems 



The Model 230 Intellec Series II Microcomputer Development System is a complete center for the development of 
microcomputer-based products. It includes a CPU, 64K bytes of RAM, 4K bytes of ROM memory, a 2000-character CRT, 
a detachable full ASCII keyboard, and dual double density diskette drives providing over 1 million bytes of on-line data 
storage. Powerful ISIS-II Diskette Operating System software allows the Model 230 to be used quickly and efficiently 
for assembling and/or compiling and debugging programs for Intel's MCS-80, MCS-85, or MCS-48 microprocessor 
families without the need for handling paper tape. ISIS-II performs all file handling operations, leaving the user free to 
concentrate on the details of his own application. When used in conjunction with an optional in-circuit emulator (ICE) 
module, the Model 230 provides all the hardware and software development tools necessary for the rapid development 
of a microconnputer-based product. 
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FUNCTIONAL DESCRIPTION 
Hardware Components 

The Intellec Series II Model 230 Is a packaged, highly 
integrated microcomputer development system consist- 
ing of a CRT chassis with a 6-slot cardcage, power sup- 
ply, fans, cables, and five printed circuit cards. A 
separate, full ASCII keyboard is connected with a cable. 
A second chassis contains two floppy disk drives capa- 
ble of double-density operation along with a separate 
power supply, fans, and cables for connection to the 
main chassis. A block diagram of the Model 230 is 
shown in Figure 1. 

CPU Cards — The master CPU card contains its own 
microprocessor, memory, I/O, interrupt and bus inter- 
face circuitry fashioned from Intel's high technology LSI 
components. Known as the integrated processor board 
(IPB), it occupies the first slot in the cardcage. A second 
slave CPU card is responsible for all remaining I/O con- 
trol including the CRT and keyboard interface. This card, 
mounted on the rear panel, also contains its own micro- 
processor, RAM and ROM memory, and I/O interface 
logic, thus, in effect, creating a dual processor environ- 
ment. Known as the I/O controller (IOC), the slave CPU 



card communicates with the IPB over an 8-bit bidirec- 
tional data bus. 

Memory and Control Cards — In addition, 32K bytes of 
RAM (bringing the total to 64K bytes) is located on a 
separate card in the main cardcage. Fabricated from 
Intel's 16K RAMs, the board also contains all necessary 
address decoding and refresh logic. Two additional 
boards in the cardcage are used to control the two 
double-density floppy disk drives. 

Expansion — - Two remaining slots in the cardcage are 
available for system expansion. Additional expansion of 
4 slots can be achieved through the addition of an Intel- 
lec Series II expansion chassis. 

System Components 

The heart of the IPB is an Intel NMOS 8-bit microproces- 
sor, the 8080A-2, running at 2.6 MHz. 32K bytes of RAM 
memory are provided on the board using Intel 16K 
RAMs. 4K of ROM is provided, preprogrammed with sys- 
tem bootstrap "self-test" diagnostics and the Intellec 
Series II System Monitor. The eight-level vectored prior- 
ity interrupt system allows interrupts to be individually 
masked. Using Intel's versatile 8259 interrupt controller, 
the interrupt system may be user programmed to 
respond to individual needs. 
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Figure 1. intellec Series 11 Model 230 Microcomputer Development System Block Diagram 
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Input/Output 

IPB Serial Channels — The I/O subsystem in the Model 
230 consists of two parts: the IOC card and two serial 
channels on the IPB itself. Each serial channel Is RS232 
compatible and is capable of running asynchronously 
from 1 10 to 9600 baud or synchronously from 150 to 56K 
baud. Both may be connected to a user defined data set 
or terminal. One channel contains current loop 
adapters. Both channels are implemented using Intel's 
8251 USART. They can be programmatlcally selected to 
perform a variety of I/O functions. Baud rate selection Is 
accomplished progammatlcally through an Intel 8253 
Interval timer. The 8253 also serves as a real-time clock 
for the entire system. I/O activity through both serial 
channels is signaled to the system through a second 
8259 interrupt controller, operating in a polled mode 
nested to the primary 8259. 

IOC Interface — The remainder of system I/O activity 
takes place in the IOC. The IOC provides interface for 
the CRT, keyboard, and standard Intellec peripherals 
including printer, high speed paper tape reader/punch, 
and universal PROM programmer. The IOC contains its 
own Independent microprocessor, also an 8080A-2. The 
CPU controls all I/O operations as well as supervising 
communications with the IPB. 8K bytes of ROM contain 
all I/O control firmware. 8K bytes of RAM are used for 
CRT screen refresh storage. These do not occupy space 
in Intellec Series II main memory since the IOC is a 
totally independent microcomputer subsystem. 

Integral CRT 

Display — The CRT is a 12-inch raster scan type monitor 
with a 50/60 Hz vertical scan rate and 15.5 kHz horizontal 
scan rate. Controls are provided for brightness and con- 
trast adjustments. The interface to the CRT is provided 
through an Intel 8275 single chip programmable CRT 
controller. The master processor on the IPB transfers a 
character for display to the IOC, where it is stored in 
RAM. The CRT controller reads a line at a time into its 
line buffer through an Intel 8257 DMA controller and 
then feeds one character at a time to the character gen- 
erator to produce the video signal. Timing for the CRT 
control is provided by an Intel 8253 interval timer. The 
screen display is formatted as 25 rows of 80 characters. 
The full set of ASCII characters are displayed, including 
lower case alphas. 

Keyboard — The keyboard interfaces directly to the IOC 
processor via an 8-blt data bus. The keyboard contains 
an Intel UPI-41 Universal Peripheral Interface, which 
scans the keyboard, encodes the characters, and buf- 
fers the characters to provide N-key rollover. The key- 
board itself is a high quality typewriter style keyboard 
containing the full ASCII character set. An upper/lower 
case switch allows the system to be used for document 
preparation. Cursor control keys are also provided. 

Peripheral Interface 

A UPI-41 Universal Peripheral Interface on the IOC board 
performs similar functions to the UPI-41 on the PIO 
board in the Model 210. It provides interface for other 
standard Intellec peripherals including a printer, high 
speed paper tape reader, high speed paper tape punch. 



and universal PROM programmer. Communication 
between the IPB and IOC is maintained over a separate 
8-bit bidirectional data bus. Connectors for the four 
devices named above, as well as the two serial chan- 
nels, are mounted directly on the IOC itself. 

Control 

User control is maintained through a front panel, con- 
sisting of a power switch and indicator, reset/boot 
switch, run/halt light, and eight interrupt switches and 
Indicators. The front panel circuit board is attached 
directly to the IPB, allowing the eight interrupt switches 
to connect to the primary 8259, as well as to the Intellec 
Series II bus. 

Diskette System 

The Intellec Series II double density diskette system 
provides direct access bulk storage, intelligent control- 
ler, and two diskette drives. Each drive provides V2 mil- 
lion bytes of storage with a data transfer rate of 500,000 
bits/second. The controller Is implemented with Intel's 
powerful Series 3000 Bipolar Microcomputer Set. The 
controller provides an interface to the Intellec Series II 
system bus, as well as supporting up to four diskette 
drives. The diskette system records all data in soft sec- 
tor format. The diskette system is capable of performing 
seven different operations: recalibrate, seek, format 
track, write data, write deleted data, read data, and verify 
CRC. 

Diskette Controller Boards — The diskette controller 
consists of two boards, the channel board and the inter- 
face board. These two PC boards reside in the Intellec 
Series II system chassis and constitute the diskette 
controller. The channel board receives, decodes and 
responds to channel commands from the 8080A-2 CPU 
In the Model 230. The interface board provides the 
diskette controller with a means of communication with 
the diskette drives and with the Intellec system bus. The 
interface board validates data during reads using a 
cyclic redundancy check (CRC) polynomial and gener- 
ates CRC data during write operations. When the disk- 
ette controller requires access to Intellec system mem- 
ory, the Interface board requests and maintains DMA 
master control of the system bus, and generates the 
appropriate memory command. The interface board also 
acknowledges I/O commands as required by the Intellec 
bus. In addition to supporting a second set of double 
density drives, the diskette controller may co-reside 
with the Intel single density controller to allow up to 2.5 
million bytes of on-line storage. 

MULTIBUS Capability 

All Intellec Series II models implement the industry 
standard MULTIBUS. MULTIBUS enables several bus 
masters, such as CPU and DMA devices, to share the 
bus and memory by operating at different priority levels. 
Resolution of bus exchanges is synchronized by a bus 
clock signal derived independently from processor 
clocks. Read/write transfers may take place at rates up 
to 5 MHz. The bus structure is suitable for use with any 
Intel microcomputer family. 
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SPECIFICATIONS 

Host Processor (IPB) 

RAM — 64K (system monitor occupies 62K through 64K) 
ROM — 4K (2K in monitor, 2K in boot/diagnostic) 

Diskette System Capacity (Basic Two Drives) 

Unformatted 

Per Disk: 6.2 megabits 

Per Track: 82.0 kilobits 

Formatted 

Per Disk: 4.1 megabits 

Per Track: 53.2 kilobits 

Diskette Performance 

Diskette System Transfer Rate — 500 kilobits/sec 
Diskette System Access Time 

Track-to-Track: 10 ms 

Head Settling Time: 10 ms 

Average Random Positioning Time — 260 ms 

Rotational Speed — 360 rpm 

Average Rotational Latency — 83 ms 
Recording Mode — M^FM 

Physical Characteristics 

Width — 17.37 in. (44.12 cm) 
Height — 15.81 in. (40.16 cm) 
Depth — 19.13 in. (48.59 cm) 
Weight - 73 lb (33 kg) 
Keyboard 

Width — 17.37 in. (44.12 cm) 
Height — 3.0 in. (7.62 cm) 
Depth — 9.0 in. (22.86 cm) 
Weight - 6 lb (3 kg) 
Dual Drive Chassis 
Width — 16.88 in. (42.88 cm) 
Height — 12.08 in. (30.68 cm) 
Depth — 19.0 in. (48.26 cm) 
Weight — 64 lb (29 kg) 

Electrical Characteristics 
DC Power Supply 



Volts 


Amps 


Typical 


Supplied 


Supplied 


System Requirements 


+ 5 ±5% 


30 


14.25 


+ 12 ±5% 


2.5 


0.2 


-12 ±5% 


0.3 


0.05 


-10 ±5% 


1.5 


15 


+ 15 ±5% 


1.5 


1.3 


+ 24 ±5% 


1.7 





*Not available on bus. 



AC Requirements — 50/60 Hz, 115/230V AC 



Environmental Characteristics 

Operating Temperature — OMo 35°C (95 "F) 



Equipment Supplied 

Model 230 chassis 

Integrated processor board (IPB) 

I/O controller board (IOC) 

32K RAM board 

CRT and keyboard 

Double density floppy disk controller (2 boards) 

Dual drive floppy disk chassis and cables 

2 floppy disk drives (51 2K byte capacity each) 

ROM-resident system monitor 

ISIS-II system diskette with MCS-80/MCS-85 
macroassembler 



Reference Manuals 

9800558 — A Guide to Microcomputer Development 

Systems (SUPPLIED) 

98005o0 — Intellec Series I! Installation and Service 

Guide (SUPPLIED) 

9800306 — ISIS-II System User's Guide (SUPPLIED) 

9800556 — Intellec Series II Hardware Reference Man- 
ual (SUPPLIED) 

9800555 — Intellec Series II Hardware Reference Man- 
ual (SUPPLIED) 

9800301 — 8080/8085 Assembly Language Program- 
ming Manual (SUPPLIED) 

9800292 — ISIS-II 8080/8085 Assembler Operator's Man- 
ual (SUPPLIED) 

9800605 — Intellec Series II Systems Monitor Source 
Listing (SUPPLIED) 

9800554 — Intellec Series II Schematic Drawings 
(SUPPLIED) 

Reference manuals are shipped with each product only 
if designated SUPPLIED (see above). Manuals may be 
ordered from any Intel sales representative, distributor 
office or from Intel Literature Department, 3065 Bowers 
Avenue, Santa Clara, California 95051. 



ORDERING INFORMATION 
Part Number Description 

MDS-230 Intellec Series II Model 230 

microcomputer development system 
(110V/60 Hz) 

MDS-231 Intellec Series II Model 230 

microcomputer development system 
(220V/50 Hz) 
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EXPANSION CHASSIS 

INTELLEC SERIES II 

MICROCOMPUTER DEVELOPMENT SYSTEM 



Four expansion slots for Intellec Series 
II systems 

Internal power supply 

Snug fit beneath all Intellec Series II 
units 



Cable connectable to main Intellec bus 

Standard Intellec MULTIBUS with multi- 
processor and DMA capability 

Compatible with standard Intellec/iSBC 
expansion modules 



The Intellec Series II Expansion Chassis provides four expansion slots for use with Intellec Series II microcomputer 
development systems. With its own separate power supply, the expansion chassis may be fully loaded with any 
boards needed to expand a user's Intellec Series II system. With the addition of the expansion chassis, Intellec Series 
II Models 220 and 230 contain a total of ten slots, sufficient for any configuration Intellec Series II system. The Intellec 
Series II Expansion Chassis is a compact chassis with a four slot cardcage, power supply, fans, and cable assemblies. 
It is designed to fit under any Intellec Series II system, connect directly to the system bus through an opening in the 
top of the chassis, and provide additional slots for the system users. The power supply is linked directly to the main 
chassis power supply, allowing power to flow to both chassis when the main power is turned on. 
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SPECIFICATIONS 
Physical Characteristics 

Width — 17.37 in. (44.12 cm) 
Height — 4.81 in. (17.22 cm) 
Depth — 19.13 in. (48.59 cm) 
Weight — 42 lb. (19 kg) 

Electrical Characteristics 

DC Power Supply 



Volts 


Amps 


System 


Supplied 


Supplied 


Requirements 


+ 5 ±5% 


24 


None 


+ 12 ±5% 


2.0 


None 


-12±5% 


0.3 


None 


-10 ±5% 


1.0 


None 



AC Requirements — 50-60 Hz, 115/230V AC 



Environmental Characteristics 

Operating Temperature ~ 0° to 35*'C (95*'F) 

Equipment Supplied 

Expansion chassis 
Cables 

Reference Manuals 

9800550 — Intellec Series II Installation and Service 

Guide (SUPPLIED) 

9800554 •— Intellec Series II Schematic Drawings 

(SUPPLIED) 

Reference manuals are shipped with each product only 
if designated SUPPLIED (see above). Manuals may be 
ordered from any Intel sales representative, distributor 
office or from Intel Literature Department, 3065 Bowers 
Avenue, Santa Clara, California 95051. 



ORDERING INFORMATION 

Part Number Description 

MDS-201 Intellec Series I! 

expansion chassis 
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MODEL 770 PRINTER 

INTELLEC SERIES II 

MICROCOMPUTER DEVELOPMENT SYSTEM 



Provides low cost, hard copy printer for 
CRT-based systems 

Prints original plus four copies 

Prints 60 characters per seconds (21-90 
lines per minute) 



Offers 5x7 dot matrix character format 

Provides for rear or bottom tractor feed 

Provides adjustable line width from 80 
to 132 columns on SVa inch line 



The Intellec Series II Microcomputer Development System Model 770 Printer is a low cost, hard copy printer designed 
for use with CRT-based Intellec Series II and Intellec microcomputer development systems. Unidirectional printing at 
60 characters per second makes the Model 770 an Ideal printer for microcomputer-based system designers with small 
to medium printing requirements. The 8V2-inch line width may be filled with 80 to 132 characters by varying the 
character size. The printer uses standard fanfold paper through a tractor-feed mechanism to produce an original and 
up to four copies. Paper can be fed from either the bottom or the rear of the printer for versatility In any lab environment. 




12-16 



MODEL 770 PRINTER 



SPECIFICATIONS 



Printing Method 

Impact, character-by-character printing, one line charac- 
ter buffer. 

Printing Rate 
Characters — 60 cps 

Full Lines — 21 @ 80 characters/line, 90 @ 20 charac- 
ters/line 

Transmission Rate 

Parallel — Up to 75,000 cps 

Character Structure 

5x7 dot matrix, 10 point type equivalent 

Code 

USAS|CII — 64 characters printed 

Switch Controls 

On-Off 

Indicators 

Paper Out 

Format 

80 to 132 characters per line, variable. 

10 to 165 characters per Inch, operator adjustable. 

6 lines per inch. 



Paper Feed 

Tractor Feed — 5.5 ips slew 

Paper 

standard sprocketed paper, 8V2 in. to9V2 in. paper width 

Number of Copies 

Original plus up to four carbon copies 

Physical Characteristics 

width — 24.5 in. (62.2 cm) 
Height — 7.0 in. (17.8 cm) 
Depth — 18.0 in. (45.7 cm) 
Weight - 60 lb (27 kg) 

Electrical Characteristics 

50-60 Hz, 110/230V AC ± 10% 



Environmental Characteristics 

Temperature — Operating: -40° to lOO^F (5° to 40''C), 

Storage: -40Mo 160°F (-40Mo 50 °C) 

Humidity — Operating: 5% to 90% (no condensation), 

Storage: 0% to 95% (no condensation) 



ORDERING INFORMATION 



Part Number 

MDS-770 
MDS-771 



Description 

60 CPS printer (IIOV/6O Hz) 
60 CPS printer (220V/50 Hz) 
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INTELLEC PRINTER 



Provides listing of hard copy output at 
55 lines per minute 

Switch selectable to 80 or 132 
characters per SVi -inch line 

Employs 5x7 dot matrix with standard 
2-channel, vertical control format 



Prints up to four copies on standard 
8y2-inch fanfold paper 

Provides automatic on-off motor switch 
for quiet operation 

Provides optional finished metal stand 
and paper takeup tray 



The Intellec Printer provides hard copy listings at 10 to 16 times the speed of a teleprinter. The automatic on-off motor 
control allows the user to maintain a low noise environment and yet send information to the printer from the Intellec 
system console without additional manipulation of line printer switches. The user may select a column width of 80 
characters per line (10 characters per inch) or 132 characters per line (16.5 characters per inch) either manually or 
under program control. Top of page spacing capability is available under user programmable format control. The 
printer uses standard 8V2-inch fanfold paper and can produce up to four carbon copies along with the original. Paper 
may be fed either from the bottom or from the rear of the printer for versatility in any lab environment. 
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SPECIFICATIONS 

Printing Method 

Impact, character-by-character printing, one line charac- 
ter buffer 

Printing Rate 

Characters — 100 or 165 cps 

Full Lines — 55 lines per minute (80- or 132-character 
line) 

Transmission Rate 

Parallel — Up to 75,000 characters per second 

Data Input 

Parallel 

Character Structure 

5x7 dot matrix, 10-polnt type equivalent 

Code 

USASCII — 64 characters printed 

Switch Controls 

On/off 

Select 

Forms override 

Normal/condensed top of form 

Indicators 

Paper out 
Select 

Manual Controls 

Form thickness 
Paper advance knob 

Buffer 

One line character buffer 



Format 

80 or 132 characters maximum per line, 6 lines per inch 

Paper Feed 

Sprocket fed, 4 I.P.S. slew, adjustable to 9V2-in. width 

Paper 

standard sprocketed paper 

Number of Copies 

Original and up to four carbon copies 

Warranty 

The MDS-PRN is warranted against defects in materials 
and workmanship for a period of one (1) year on mechan- 
ical parts, 90 days on electrical parts, and 45 days on 
labor. 

Physical Characteristics 

Width — 23.25 in. (59.1 cm) 
Height— 12.75 in. (32.4 cm) 
Depth — 18.75 in. (47.6 cm) 
Weight - 66 lb (30.2 kg) 

Electrical Characteristics 

115V AC±10%, 60 Hz (or 230V AC±10%, 50 Hz as 
option) 

Environmental Characteristics 

Temperature — 40" to 100*'F, operating; - 40" to 160*'F, 

storage 

Humidity —5% to 90% (no condensation) operating; 

0% to 95% (no condensation) storage 

Optional Equipment 

MDS-STD finished metal stand and paper tray 

Reference Manuals 

None 



ORDERING INFORMATION 

Part No. Description 

MDS-PRN Printer unit 
MDS-STD Stand and paper tray 
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Intel 



MCS-48 

DISKETTE-BASED SOFTWARE 

SUPPORT PACKAGE 



Extends Intellec microcomputer develop- 
ment system to support MCS-48 
development 

MCS-48 assembler provides conditional 
assembly and macro capability 



Takes advantage of powerful ISIS-II file 
handling and storage capabilities 



Provides assembler output in standard 
Intel hex format 



The MCS-48 Diskette-Based Software Support Package is provided with the Intel ISIS-II system diskette and contains 
both the MCS-48 assembler and the diskette version of the universal PROM mapper. The assembler translates sym- 
bolic 8048 assembly language Instructions into the appropriate machine operation codes, and provides both condi- 
tional and macroassembler programming. Output may be loaded either to an ICE-48 module for debugging or into an 
Intellec microcomputer development system for 8748 PROM programming using the universal PROM programmer. 
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MCS-48 DISKETTEBASED SOFTWARE SUPPORT PACKAGE 



FUNCTIONAL DESCRIPTION 

The MCS-48, a software support assembler package, is 
provided with the ISIS-II system diskette and contains 
both the MCS-48 assembler and the diskette version of 
the universal PROM mapper. The MCS-48 assembler 
translates symbolic 8048 assembly language 
instructions into the appropriate machine operation 
codes. The ability to refer to program addresses with 
symbolic names eliminates the errors of hand transla- 
tion and makes It easier to modify programs when 
adding or deleting instructions. Conditional assembly 
permits the programmer to specify which portions of 
the master source document should be included or 
deleted in variations on a basic system design, such as 
the code required to handle optional external devices. 
Macro capability allows the programmer use of a single 
label to define a routine. The MCS-48 assembler will 
assemble the code required by the reserved routine 
whenever the macro label is inserted in the text. Output 
from the assembler is in standard Intel hex format. It 
may be either loaded directly to an in-circuit emulator 
(ICE-48) module for integrated hardware/software de- 
bugging, or loaded into an Intellec development system 
for 8748 PROM programming using the universal PROM 
programmer. A sample assembly listing is shown in 
Table 1. 



ISIS-II 8048 MACROASSEMBLER, 


/10 




PAGE1 


LOG 


OBJ 






SEQ 




SOURCE STATEMENT 










1 


,DECIMAL ADDITION ROUTINE ADD BCD NUMBER 










2 


,AT LOCATION BETA' TO BCD NUMBER AT ALPHA' WITH 












, RESULT 


IN ALPHA ■ LENGTH OF NUMBER IS 'COUNT' DIGIT 












,PAIRS (ASSUME BOTH BETA AND ALPHA ARE SAME LENGTH 










5 


,AND HAVE EVEN NUMBER OF DIGITS OR MSD IS IF 










6 

7 
8 


,ODD) 
INIT 


MACRO AUGND,ADDND,CNT 
MOV RO, #AUGND 










9 


LI 


MOV R1,#ADDND 
MOV R2, #CNT 
ENDM 










12 






0001E 








13 


ALPHA 


EQU 30 


0028 










BETA 


EQU 40 


0032 








15 


COUNT 


EOU 5 


0100 








16 
17 




ORG 100H 

INIT ALPHA, BETA, COUNT 


0100 


B81E 










MOV RO, #ALPHA 


0102 


B928 






19 + 




MOV R1,*BETA 


0104 


BA32 






20 + 




MOV R2, #COUNT 


0106 








21 




CLR C 


0107 


FO 






22 


LP 


MOV A, @R0 


0108 








23 




ADDC A. @R1 


0109 


57 






24 




DA A 


010A 








25 




MOV ®R0, A 


010B 


18 






26 




INC RO 


010C 


19 






?7 




INC R1 


010D 


EA07 






28 




DJNZ R2, LP 
END 


USER SYMBOLS 












ALPHA 0001 E 


BETA 


0028 


COUNT 0005 


LP 0107 


L1 


0102 












ASSEMBLY COMPLETE. 


NO ERRORS 






ISISII ASSEMBLER SYMBOL CROSS REFERENCE, 


VI PAGE 1 


SYMBOL CROSS REFERENCE 








ALPHA 13# 17 












BETA 


14# 17 












COUNT 15# 17 












INIT 


7# 17 
19# 












LP 


22# 28 













Table 1. Sample MCS*48 Diskette-Based 
Assembly Listing 



SPECIFICATIONS 

Operating Environment 
Required Hardware 

Intellec microcomputer development system 

System console 

Intellec diskette operating system 

32K RAM (absoluteassembler) 

48K RAM (macroassembler) 

Optional Hardware 

Universal PROM programmer 

Shipping Media 

Diskette 



Reference Manuals 

9800255 — MCS-48/UPI-41 Assembly Language Pro- 
gramming Manual (SUPPLIED) 

9800236 — Universal PROM Mapper Operator's Manual 
(SUPPLIED) 
9800306 — ISIS-II User's Guide (SUPPLIED) 

Reference manuals are shipped with each product only 
if designated SUPPLIED (see above). Manuals may be 
ordered from any Intel sales representative, distributor 
office or from Intel Literature Department, 3065 Bowers 
Avenue, Santa Clara, California 95051. 



ORDERING INFORMATION 



Product Code Description 

MDS-D48 Diskette-based assembler for MCS-48 

family of microprocessors 
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Intel 



PL/M-80 

HIGH LEVEL PROGRAMMING LANGUAGE 

INTELLEC RESIDENT COMPILER 



Provides resident operation on Intellec 
Microcomputer Development System 
and Intellec Series II microcomputer 
development systems 



Speeds project completion with 
increased programmer productivity 

Cuts software development and 
maintenance costs 



Produces relocatable and linkable object 
code 



Improves product reliability with 
simplified language and consequent 
error reduction 



Sophisticated code optimization reduces 
application memory requirements 



Eases enhancement as system 
capabilities expand 



The PL/M-80 High Level Programming Language Intellec Resident Compiler is an advanced, high level programming 
language for Intel 8080 and 8085 microprocessors, iSBC-80 OEM computer systems, and Intellec microcomputer 
development systems. PL/M has been substantially enhanced since its introduction in 1973 and has become one of 
the most effective and powerful microprocessor systems Implementation tools available. It is easy to learn, facilitates 
rapid program development and debugging, and significantly reduces maintenance costs. PL/M is an algorithmic 
language in which program statements naturally express the algorithm to be programmed, thus freeing programmers 
to concentrate on system development rather than assembly language details (such as register allocation, meanings 
of assembler mnemonics, etc.). The PL/M compiler efficiently converts free-form PL/M programs into equivalent 8080/ 
8085 instructions. Substantially fewer PL/M statements are necessary for a given application than would be using 
assembly language or machine code. Since PL/M programs are problem oriented and thus more compact, program- 
ming in PL/M results in a high degree of productivity during development efforts, resulting in significant cost reduc- 
tion in software development and maintenance for the user. 




1 ...-w^ 
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PL/M-80 



FUNCTIONAL DESCRIPTION 

The PL/M compiler is an efficient multiphase compiler 
that accepts source programs, translates them into 
object code, and produces requested listings. After 
compilation, the object program may be first linked to 
other modules, then located to a specific area of mem- 
ory, and finally executed. The diagram shown in Figure 1 
illustrates a program development cycle where the pro- 
gram consists of three modules: PL/M, FORTRAN, and 
assembly language. A typical PL/M compiler procedure 
is shown in Table 1. 



Features 

Major features of the Intel PL/M-80 compiler and pro- 
gramming language include: 

Resident Operation — on Intellec microcomputer devel- 
opment systems eliminates the need for a large in- 
house computer or costly timesharing system. 

Object Code Generation -- of relocatable and linkable 
object codes permits PL/M program development and 
debugging in small modules, which may be easily linked 
with other modules and/or library routines to form a 
complete application. 

Extensive Code Optimization — including compile time 
arithmetic, constant subscript resolution, and common 
subexpression elimination, results in generation of 
short, efficient CPU instruction sequences. 

Symbolic Debugging — fully supported in the PL/M 
compiler and ICE-85 in-circuit emulators. 

Compile Time Options — includes general listing for- 
mat commands, symbol table listing, cross reference 
listing, and "innerlist" of generated assembly language 
instructions. 



Block Structure — aids in utilization of structured pro- 
gramming techniques. 

Access — provided by high level PL/M statements to 
hardware resources (interrupt systems, absolute 
addresses, CPU input/output ports). 

Data Definition — enables complex data structures to 
be defined at a high level. 

Re-entrant Procedures — may be specified as a user 
option. 

Benefits 

PL/M is designed to be an efficient, cost-effective solu- 
tion to the special requirements of microcomputer soft- 
ware development as illustrated by the following bene- 
fits of PL/M use: 

Low Learning Effort — even for the novice programmer, 
because PL/M is easy to learn. 

Earlier Project Completion — on critical projects, 
because PL/M substantially increases programmmer 
productivity while reducing program development time. 

Lower Development Cost — because increased pro- 
grammer productivity requiring less programming 
resources for a given function translates into lower soft- 
ware development costs. 

Increased Reliability — because of PL/M's use of simple 
statements in the program algorithm, which are easier 
to correct and thus substantially reduce the risk of 
costly errors in systems that have already reached full 
production status. 

Easier Enhancement and Maintenance — because pro- 
grams written in PL/M are easier to read and easier to 
understand than assembly language, and thus are eas- 
ier to enhance and maintain as system capabilities 
expand and future products are developed. 



ISIS-II 
TEXT 
EDITOR 



ISIS-II 
TEXT 
EDITOR 




PL/M-80 
SOURCE 





ISIS-II 
TEXT 
EDITOR 




ASSEMBLY 
LANGUAGE 
SOURCE 







OPTIONAL 

ICE-80 

ICE-85 

IN-CIRCUIT 

EMULATOR 




Figure 1. Program Development Cycle Block Diagram 
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Simpler Project Development — because the Intellec 
microcomputer development system with resident 
PL/M-80 Is all that is needed for developing and debug- 



ging software for 8080 and 8085 microcomputers, and 
the use of expensive (and remote) timesharing or large 
computers is consequently not required. 







$0BJECT(:F1:FACT.0B2) 

$DEBUG 

$XREF 

$TITLE('FACTORIAL GENERATOR - PROCEDURE') 

$PAGEWIDTH(80) 


1 




FACT: 
DO; 


2 


1 


DECLARE NUMCH BYTE PUBLIC; 


3 
4 
5 
6 


1 
2 
2 
2 


FACTORIAL: PROCEDURE (NUM,PTR) PUBLIC; 
DECLARE NUM BYTE, PTR ADDRESS; 
DECLARE DIGITS BASED PTR (161) BYTE; 
DECLARE (l,C,M) BYTE; 


7 
9 
10 
11 
12 
13 
14 
15 


2 
2 
3 
3 
4 
4 
4 
4 


NUMCH = 1; DIGITS(1)=1; 
DO M=1 TO NUM; 
C = 0; 
DO 1 = 1 TO NUMCH; 

DIGITS(l)=DIGITS(l)*M-hC; 
C=DIGITS(I)/10; 
DIGITS(I)=DIGITS(I)- 10*C; 
END; 


16 
17 
18 
20 
21 
22 


3 
3 
4 
4 
4 
4 


IF COO THEN 
DO; 

NUMCH = NUMCH -f- 1; DIGITS(NUMCH) = C; 

C=DIGITS(NUMCH)/10; 

DIGITS(NUMCH)=DIGITS(NUMCH) - 10*C; 
END 
END; 


24 


2 


END FACTORIAL; 


25 


1 


END; 



Table 1. PL/M-80 Compiler Sample Factorial Generator Procedure 




SPECIFICATIONS 

Operating Environment 
Required Hardware 

Intellec microcomputer development system 

65K bytes of memory 

Dual diskette drives 

System console — teletype 

Optional Hardware 

CRT as system console 

Line printer 

Required Software — ISIS-II diskette operating system 



Shipping IVIedia 

Diskette 

Reference IVIanuals 

980026 — PUM-80 Programming Manual (SUPPLIED) 
9800300 — ISIS-II PL/M-SO Compiler Operator's Manual 
(SUPPLIED) 

Reference manuals are shipped with each product only 
if designated SUPPLIED (see above). Manuals may be 
ordered from any Intel sales representative, distributor 
office or from Intel Literature Department, 3065 Bowers 
Avenue, Santa Clara, California 95051. 



ORDERING INFORMATION 

Product Code Description 

MDS-PLM High level language compiler 
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Intel 



MDS-311 
8086 SOFTWARE DEVELOPMENT PACKAGE 



PL/M-86 high level programming lan- 
guage 

ASM86 assembler for 8086 assembly 
language programming 

CONV86 converter for conversion of 
8080/8085 assembly language source 
code to 8086 assembly language source 
code 



LINK86, LOC86 and QRL86 link and 
relocation utilities 



OH86 object-to-hexadecimal converter 



LIB86 library manager 



The 8086 software development package provides a set of software development tools for the 8086 microprocessor 
and ISBC 86/12 single board computer. The package operates under the ISIS-II operating system on Intellec® 
Microcomputer Development Systems— Model 800 or Series II— thus minimizing requirements for additional hardware 
or training for Intel Microcomputer Development System users. 

The package permits 8080/8085 users to efficiently convert existing programs into 8086 object code from either 
8080/8085 assembly language source code or PL/M-80 source code. 

For the new Intel Microcomputer Development System user, the package operating on an Intellec Model 230 
Microcomputer Development System provides total 8086 software development capability. 



\<^i^ 
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PL/M-86 HIGH LEVEL PROGRAMMING LANGUAGE 



Sophisticated new compiler design Produces relocatable and linkable object 

allows user to achieve maximum code 
benefits of 8086 capabilities 

, . . ^.. , . Supports full extended addressing 

Language .s upward comjpanble from ^J^^ ^^^ microprocessor 

PL/M-80, assuring MCS "^-80/85 design ^ 



portability 

Supports 

floating point arithmetic application memory utilization 



Sophisticated code optimization assures 
Supports 16-bit signed integer and 32-bit efficient code generation and minimum 



Like its counterpart for MCS^'^-80/85 program development, PL/M-86 is an advanced structured liigh level pro- 
gramming language. PL/M-86 is a new compiler created specifically for performing software development for the 
Intel® 8086 Microprocessor. 

PL/M-86 has significant new capabilities over PL/M-80 that take advantage of the new facilities provided by the 8086 
microprocessor, yet the PL/M-86 language remains downward compatible with PL/M-80. 

With the exception of interrupts, hardware flags, and time-critical code sequences, PL/M-80 programs may be recom- 
piled under PL/M-86 with little or no conversion required. PL/M-86, like PL/M-80, is easy to learn, facilitates rapid pro- 
gram development, and reduces program maintenance costs. 

PL/M is a powerful, structured high level algorithmic language in which program statements can naturally express the 
program algorithm. This frees the programmer to concentrate on the system implementation without concern for bur- 
densome details of assembly language programming (such as register allocation, meanings of assembler mnemonics, 
etc.). 

The PL/M-86 compiler efficiently converts free-form PL/M language statements into equivalent 8086 machine instruc- 
tions. Substantially fewer PL/M statements are necessary for a given application that If it were programmed at the 
assembly language or machine code level. 

Since PL/M programs are implementation problem oriented and more compact, use of PL/M results in a high degree of 
engineering productivity during project development. This translates into significant reductions in initial software 
development and follow-on maintenance costs for the user. 



FEATURES 

Major features of the Intel PL/M-86 compiler and programming language include: 

• Supports Five Data Types 

— Byte: 8-bit unsigned number 

— Word: 16-bit unsigned number 
— - Integer: 16-bit signed number 

— Real: 32-bit floating point number 

— Pointer: 16-bit or 32-bit memory address indicator 

• Two Data Structuring Facilities 

— Array: Indexed list of same type data elements 

— Structure: Named collection of same or different type data elements 

— Combinations of Each: Arrays of structures or structures of arrays 

• Block structure 

— Permits use of structured programming techniques 

• Relocatable and Linkable Object Code 

— Permits PL/M-86 programs to be developed and debugged in small modules. These modules can be easily linked 
with other modules and/or library routines to form a complete application system. 
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• Built-in String Handling Facilities 

— Operates on byte strings or word strings 

— Six Functions: IVIOVE, COMPARE, TRANSLATE, SEARCH, SKIP, and SET 

• Automatic Support for 8086 Extended Addressing 

— Three compiler options offer a separate model of computation for programs from 128K bytes to 1 -Megabyte in 
size 

— Language transparency for extended addressing 

• Support for ICE-86^'^ and Symbolic Debugging 

■— Debug option for inclusion of symbol table in object modules for In-Circuit Emulation with symbolic debugging 

• Numerous Compiler Options 

— A host of 26 compiler options including: 

• Conditional compilation 

• Included file or copy facility 

• Two levels of optimization 

• Intra-module and inter-module cross reference 

• Arbitrary placement of compiler and user files on any available combination of disk drives 

• Reentrant and Interrupt Procedures 

— May be specified as user options 

BENEFITS 

PL/M-86 is designed to be an efficient, cost-effective solution to the special requirements of 8086 Microcomputer Soft- 
ware Development, as illustrated by the following benefits of PL/M-86 use: 

• Low Learning Effort — PL/M-86 is easy to learn and to use, even for the novice programmer. 

• Earlier Project Completion — Critical projects are completed much earlier than otherwise possible because 
PL/M-86, a structured high-level language, increases programmer productivity. 

• Lower Development Cost — Increases In programmer productivity translate immediately into lower software de- 
velopment costs because less programming resources are required for a given programmed function. 

• Increased Reliability — PL/M-86 is designed to aid in the development of reliable software (PL/M-86 programs are 
simple statements of the program algorithm). This substantially reduces the risk of costly correction of errors in 
systems that have already reached full production status, as the more simply stated the program is, the more likely 
it is to perform its intended function. 

• Easier Enhancements and Maintenance — Programs written in PL/M tend to be self-documenting, thus easier to 
read and understand. This means it is easier to enhance and maintain PL/M programs as the system capabilities ex- 
pand and future products are developed. 

• Simpler Project Development — The Intellec® Development Systems offer a cost-effective hardware base for the 
development of 8086 designs. PUM-86 and other elements of ISIS-II and the 8086 Software Development Package 
are all that is needed for development of software for the 8086 microcomputer and iSBC 86/12 single board com- 
puter. This further reduces development time and costs because expensive (and remote) time sharing of large com- 
puters is not required. Present users of Intel Intellec® Development Systems can begin to develop 8086 designs 
without expensive hardware reinvestment or costly retraining. 
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SAMPLE PROGRAM 

STATISTICS: DO; 

/*The procedure in this module computes the mean and variance of an array of data, X, of length N + 1, according to 
the method of Kahan and Parlett (University of California, Berkeley, Memo no. UCB/ERL I\/I77/21.*/ 

STAT: PROCEDURE(X$PTR,N,MEAN$PTR,VARIANCE$PTR) PUBLIC; 

DECLARE (X$PTR,MEAN$PTR,VARIANCE$PTR) POINTER, 
X BASED X$PTR(1) REAL, 
N INTEGER, 

MEAN BASED MEAN$PTR REAL, 
VARIANCE BASED VARIANCE$PTR REAL, 
(M,Q,DIFF) REAL, 
I INTEGER; 

M = X(0); 
= 0.0; 

DO 1 = 1 TO N; 

DIFF = X(I)-M; 

M = M+DIFF/FL0AT(I + 1); 

Q = Q+DIFF*DIFF*FL0AT(I)/FL0AT(I + 1); 
END; 

MEAN = M; 

VARIANCE = Q/FLOAT(N); 

END STAT; 

END STATISTICS; 
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ASM86 ASSEMBLER 

A new assembler that encourages well- Powerful ''EQU" (equate) facility allows 

designed and well-structured programs complex expressions to be represented 

as a single symbol 

ASM86 is highly mnemonic and 

compact, with most mnemonics 

representing several distinct machine Enhanced data handling capabilities 

instructions 

ASM86 will generate optimal code Fully detailed set of error messages 



The 8086 assembly language is "strongly typed". This means it performs extensive checks on the usage of variables 
and labels. The assembler uses the attributes which are derived explicitly when a variable or label is first declared, 
then makes sure that each use of a symbol in later instructions conforms to the usage defined for that symbol when it 
was declared. 

Compared to earlier assemblers, ASM86 supports substantially improved flexibility in data definition and manipula- 
tion: 

-RECORDS 

-PROCEDURES 

-ARRAYS 

Its capabilities allow very sophisticated goals and significantly simplified coding to be achieved with a straight- 
forward use of the language. 

For example a data RECORD smaller than a word may be defined as a collection of named bit-fields and operators for 
manipulating these subfields are automatically defined when the record is declared. Bit-fields within a record may be 
referenced directly by name. 

Powerful string manipulation instructions permit direct transfers to or from memory or the accumulator. They can be 
prefixed with a repeat operator for repetitive execution with a count-down and a condition test. These operations auto- 
matically decrement or increment the relevant indexes to memory, depending on the direction flag. 

The assembler fully supports the 8086 addressing modes by providing for complex address expressions involving 
base and index registers and field offsets. A powerful EQU facility allows the use of simplified synonyms for com- 
plicated expressions which may occur throughout a module. 

The 8086 assembly language includes approximately 100 instruction mnemonics. From these few mnemonics, the 
assembler can generate over 3,800 distinct machine instructions. These instructions are differentiated by the 
assembler's ability to evaluate the "TYPE" of the operands to the instruction and then generate the proper machine In- 
struction. ASM86 will generate the shortest machine instruction possible given no forward referencing or given ex- 
plicit information as to the characteristics of the forward referenced symbol. 

ASM86 provides a detailed set of error messages which may appear both in the regular list file and the error print file. 
As a debugging feature, the list file may include a detailed listing of the user symbol table. 

ASM86 allows the user power and flexibility, and is fully compatible with LINK86, LOC86, QRL86 and LIB86.The 
ASM86 operator's manual includes details on linking ASM86 programs with programs written in PL/M-86. 

ASM86 implements directives which reflect the high level orientation of the 8086 architecture. 

ASM86 assembles code significantly faster than ASM80 V2.0. 
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CONV 86 

MCS-80/85 to MCS-86 ASSEMBLY LANGUAGE 
CONVERTER UTILITY PROGRAM 



Translates 8080/8085 Assembly Automatically generates proper ASM-86 

Language Source Code to 8088 directives to set up a ''virtual 8080" 

Assembly Language Source Code environment that is compatible with 

PL/M.86. 
Provides a fast and accurate means to 

convert 8080/8085 programs to the 8086, 

facilitating program portability. 



In support of Intel's commitment to software portability, CONV86 is offered as a tool to move 8080/8085 programs to 
the 8086. A comprehensive manual, "MCS-86 Assembly Language Converter Operating Instructions for 
ISIS-II Users" (9800642), covers the entire conversion process. Detailed methodology of the conversion process is fully 
described therein. 

CONV86 will accept as input an error-free 8080/8085 assembly-language source file and optional controls, and produce 
as output, optional PRINT and OUTPUT files. 

The PRINT file is a formatted copy of the 8080/8085 source and 8086 source file with embedded caution messages. 

The OUTPUT file is an 8086 source file. 

CONV86 issues a caution message when it detects a potential problem in the converted 8086 code. 

A transliteration of the 8080/8085 programs occurs, with each 8080/8085 construct mapped to its exact 8086 counter- 
part: 

— Registers 
—Condition flags 

— Instructions 
—Operands 
—Assembler directives 
—Assembler control lines 

Because CONV86 is a transliteration process, there is the possibility of as much as a 15%-20% code expansion over 
the 8080/8085 code. For compactness and efficiency it is recommended that critical portions of programs be re-coded 
in 8086 assembly language. 

Also, as a consequence of the transliteration, some manual editing may be required for converting instruction se- 
quences dependent on: 

-instruction length, timing, or encoding 

-interrupt processing ^ mechanical editing procedures 

-PL/M parameter passing conventions j for these are suggested in the converter manual. 

The set directive, macro definitions, macro calls, and conditional assembly directives are not supported by Version 
V1.0 of the 8086 Assembler. Appendix F of the MCS-86 Assembly Language Converter Operating Instructions for ISIS- 
II Users contains instructions for converting 8080/8085 programs containing these features, by using the macro expan- 
sion printed in the 8080/8085 assembler listing. 

The accompanying diagram illustrates the flow of the conversion process. Initially, the abstract program may be 
represented in 8080/8085 or 8086 assembly language to execute on that respective target machine. The conversion 
process is porting a source destined for the 8080/8085 to the 8086 via CONV86. 
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SOURCE CODE 

IN 8080/8085 

ASSEMBLY LANG 




ABSTRACT PROGRAM 
ALGORITHM 



SOURCE CODE 

IN 8086 

ASSEMBLY LANG 



ASSEMBLE 
FOR 



EXECUTE 

ON 
8080/8085 



EQUIVALENT 
FUNCTION 



EXECUTE 
ON 
8086 



PORTING 8080/8085 SOURCE CODE TO THE 8086 
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LINK86 



Automatic combination of separately 
compiled or assembled 8086 programs 
into a relocatable module 

Automatic selection of required modules 
from specified libraries to satisfy 
symbolic references 

Extensive debug symbol manipulation; 
the user is allowed the choices of line 
number and local symbol deletion and 
may selectively purge definitions of 
public symbols 



Automatic generation of a summary map 
giving results of the LINK86 process 

Abbreviated control syntax 

Relocatable modules may be merged 
into a single module suitable for 
inclusion in a library 

Supports 'Incremental" linking 



LINK86 combines object modules specified in the LINK86 Input list into a single output module. LINK86 combines 
segments from the input modules according to the order in which the modules are listed. 

Support for incremental linking is provided since an output module produced by LINK86 can be an input to another 
link. At each stage in the incremental linking process, unneeded public symbols may be purged. 

LINK86 will link any valid set of input modules without any controls. However, controls are available to control the 
output of diagnostic information in the LINK86 process and to control the content of the output module. 

LINK86 allows the user to create a large program as the combination of several smaller, separately compiled modules. 
After development and debugging of these component modules the user can link them together, locate them using 
LOC86, and enter final testing with much of the work accomplished. 



LOC86 



Automatic and independent relocation 
of segments. Segments may be 
relocated to best match users memory 
configuration 

Extensive debug symbol manipulation, 
allowing line numbers, local symbols, 
and public symbols to be purged and 
listed selectively 



Automatic generation of a summary map 
giving starting address, segment 
addresses and lengths, and debug 
symbols and their addresses 

Extensive capability to manipulate the 
order and placement of segments in 
8086 memory 

Abbreviated control syntax 



Relocatability allows the programmer to code programs or sections of programs without having to know the final 
arrangement of the object code in memory. 

LOC86 converts relative addresses in an input module to absolute addresses. LOC86 orders the segments in the input 
module and assigns absolute addresses to the segments. The sequence in which the segments in the input module 
are assigned absolute addresses is determined by their order in the input module and the controls supplied with the 
command. 

LOC86 will relocate any valid input module without any controls. However, controls are available to control the output 
of diagnostic information in the LOC86 process, to control the content of the output module, or both. 

The program you are developing will almost certainly use some mix of random access memory (RAM), read-only 
memory (ROM), and/or programmable read-only memory (PROM). Therefore, the location of your program affects both 
cost and performance in your application. The relocation feature allows you to develop your program on the Intellec 
development system and then simply relocate the object code to suit your application. 
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QRL86 



Combination linkage and relocation tool 



Combines object modules and converts 
relative addresses to absolute addresses 
in a single step 



QRL86 can be used for quick turnaround 
during development, whereas the extra 
capabilities of LINK86 and LOC86 may 
be needed to finalize the product at the 
end of development 



QRL86 purges unsatisfied externals 
while LINK86 and LOC86 allow them to 
be kept for future processing 



QRL86 provides 25% faster turnaround 
than LINK86 and LOC86, but does not 
have as wide a range of controls: 

— Incremental linking 

— Selective purge of publics 

QRL86 controls give the capability of 
changing the order and placement of 
segments in memory 



QRL86 combines object modules and converts relative addresses to absolute addresses in a single step. The segment 
is the fundamental unit with which linkage and relocation functions work. First, segments are combined, then 
absolute addresses are assigned to segments. Addresses that are referenced relative to the beginning of a segment 
are translated to absolute memory address references. 

The modules to be combined are specified in a list in the QRL86 command. In general, QRL86 will link and locate any 
set of valid input modules without any controls. However, controls are available for you to modify the manner in which 
QRL86 links and locates and to control the output of information in the process. 



OH86 



OH86 command converts an 8086 
absolute object module to symbolic 
hexadecimal format 

Facilitates preparing a file for later 
loading by a symbolic hexadecimal 
loader, such as the iSBC Monitor or 
Universal PROM Mapper 



Converts an absolute module to a more 
readable format that can be displayed 
on a CRT or printed for debugging 



The OH86 command converts an 8086 absolute object module to the hexadecimal format. This conversion may be 
necessary to format a module for later loading by a hexadecimal loader such as the iSBC 86/12 monitor or Univeral 
Prom Mapper. The conversion may also be made to put the module in a more readable format that can be displayed or 
printed. 

The module to be converted must be in absolute format; the output from the QRL86 and LOC86 is in absolute format. 
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LIB86 



LIB86 is a library manager program 
which allows you to: 

— Create specially formatted files to 
contain libraries of object modules 

— Maintain these libraries by adding or 
deleting modules 

— Print a listing of the modules and 
public symbols in a library file 



Libraries can be used as input to QRL86 
or LINK86 which will automatically 
link modules from the library that 
satisfy external references in the 
modules being linked 



Libraries aid in the job of building programs. The library manager program, LIB86, creates and maintains files contain- 
ing object modules. The operation of LIB86 is controlled by commands to indicate which operation LIB86 is to per- 
form. The commands are: 

CREATE — creates an empty library file 

ADD — adds object modules to a library file 

DELETE — deletes modules from a library file 

LIST — lists the module directory of library files 

EXIT — terminates the LIB86 program and returns control to ISIS-II 
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SPECIFICATIONS 
Operating Environment 

Required Hardware 

Intellec® Microcomputer Development System 

— MDS-800, MDS-888 

— Series II 

64K Bytes of RAM Memory 

Dual Diskette Drives 

— Single or Double* Density 
System Console 

— CRT or Hardcopy Interactive Device 

Optional Hardware 

Universal PROM Programmer 

Line Printer* 

ICE-86"^^* 

Required Software 

ISIS-II Diskette Operating System 

— Single or Double* Density 



Documentation Package 

PL/M-86 Programming Manual (9800466) 

ISIS-II PL/M-86 Compiler Operator's Manual (9800478) 

MCS^'^-86 User's Manual (9800694) 

MCS-86 Software Development Utilities Operating 

Instructions for ISIS-II Users (9800639) 
MCS-86 Assembly Language Reference Manual (9800640) 
MCS-86 Assembler Operating Instructions for ISIS-II 

Users (9800641) 
MCS-86 Assembly Language Converter Operating 

Instructions for ISIS-II Users (9800642) 
MCS-86 Absolute Object File Formats (9800821) 
Universal PROM Programmer User's Manual (9800819A) 



Flexible Diskettes 

— Single and Double* Density 



* Recommended 
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FORTRAN-80 

8080/8085 ANS FORTRAN 77 

INTELLEC® RESIDENT COMPILER 



Meets and exceeds ANS FORTRAN 77 
Subset Language Specification 

Supports Intel Floating Point Standard 
with either the floating point support 
library or the iSBC-310 High Speed 
Mathematics Board 

Resident operation on Intellec® 
Microcomputer Development System 
and Intellec® Series II Microcomputer 
Development System 

Supports full symbolic debugging with 
ICE-80™ and ICE-SS^M 



Produces relocatable and linkable object 
code compatible with resident PL/M-80 
and 8080/8085 Macro Assembler 

Full FORTRAN 77 language I/O support or 
optional RMX-80 run-time library 

Well defined I/O interface for configu- 
ration with user-supplied drivers 

Sophisticated code optimization insures 
efficient program implementation 



FORTRAN-80 is a computer industry-standard, high-level programming language and compiler that translates FOR- 
TRAN statements into relocatable object modules. When the object modules are linked together and located into ab- 
solute program modules, they are suitable for execution on Intel® 8080/8085 Microprocessors, iSBC-80 OEM Computer 
Systems, and Intellec® Microcomputer Development Systems. FORTRAN-80 meets and exceeds the ANS FORTRAN 
11 Language Subset Specification^ The compiler operates on the Intellec Microcomputer Development System under 
the ISIS-II Disk Operating Systems and produces efficient relocatable object modules that are compatible for linkage 
with PL/M-80 and 8080/8085 Macro Assembler modules. 

The ANS FORTRAN 11 language specification offers many powerful extensions to the FORTRAN language that are 
especially well suited to Intel® 8080/8085 Microprocessor software development. Because FORTRAN-80 conforms to 
the ANS FORTRAN 11 standard, the user is assured of compatibility with existing FORTRAN software that meets the 
standard as well as a guarantee of upward compatibility to other computer systems supporting an ANS FORTRAN 11 
Compiler. 

"•aNSI X3J3/90 




12-36 



FORTRAN-80 



FORTRAN-80 LANGUAGE FEATURES 

Major ANS FORTRAN 77 features supported by the 
Intel® FORTRAN-80 Programming Language include: 

• Structured Programming is supported with the IF ... 
THEN ... ELSE IF ... ELSE ... END IF constructs. 

• CHARACTER data type permits alphanumeric data 
to be handled as strings rather than characters 
stored in array elements. 

• Full I/O capabilities include: 

— Sequential and Direct Access files 

— Error handling facilities 

— Formatted, Free-formatted, and Unformatted 
data representation 

— Internal (in-memory) file units provide capa- 
bility to format and reformat data in internal 
memory buffers 

— List Directed Formatting 

• Supports arrays of up to seven dimensions. 

• Supports logical operators 

.EQV. — Logical equivalence 
.NEQV. — Logical nonequivalence 

Major extensions to FORTRAN 77 in Intel FORTRAN-80 
include: 

• Direct 8080/8085 port I/O supported by intrinsic 
subroutines. 

• Binary and Hexadecimal integer constants. 

• Well defined interface to FORTRAN-80 I/O state- 
ments (READ, OPEN, etc.), allowing easy use of 
user-supplied I/O drivers. 

• User-defined INTEGER storage lengths of 1, 2 or 4 
bytes. 

• User-defined LOGICAL storage lengths of 1, 2 or 4 
bytes. 

• REAL STORAGE lengths of 4 bytes. 

• Bitwise Boolean operations using logical operators 
on integer values. 

• Hollerith data constants. 

• Implicit extension of the length of an integer or 
logical expression to the length of the left-hand 
side in an assignment statement. 

• A format descriptor to suppress carriage return on 
a terminal output device at the end of the record. 



FORTRAN-SO COMPILER FEATURES 

• Supports multiple compilation units in single 
source file. 

• Optional Assembly Language code listing. 

• Comprehensive cross-reference, symbol attribute 
and error listing. 

• Compiler controls and directives are compatible 
with other Intel language translators. 

• Optional Reentrancy. 

• User-defined default storage lengths. 

• Optional FORTRAN 66 Do Loop semantics. 

• Source files may be prepared in free format. 



The INCLUDE control permits specified source 
files to be combined into a compilation unit at com- 
pile time. 

Transparent interface for software and hardware 
floating point support, allowing either to be chosen 
at time of linking. 



FORTRAN-80 BENEFITS 

FORTRAN-80 provides a means of developing applica- 
tion software for Intel® MCS-80/85 products in a 
familiar, widely accepted, and computer industry- 
standardized programming language. FORTRAN-80 will 
greatly enhance the user's ability to provide cost- 
effective solutions to software development for Intel 
microprocessors as illustrated by the following: 

• Completely Complementary to Existing Intel Soft- 
ware Design Tools — Object modules are linkable 
with new or existing Assembly Language and PL/M 
Modules. 

• Incremental Runtime Library Support — Runtime 
overhead is limited only to facilities required by the 
program. 

• Low Learning Effort — FORTRAN-80, like PL/M, is 
easy to learn and use. Existing FORTRAN software 
can be ported to FORTRAN-80, and programs 
developed in FORTRAN-80 can be run on any other 
computer with ANS FORTRAN 77. 

• Earlier Project Completion — Critical projects are 
completed earlier than otherwise possible because 
FORTRAN-80 will substantially increase program- 
mer productivity, and is complementary to PL/M 
Modules by providing comprehensive arithmetic, 
I/O formatting, and data management support in 
the language. 

• Lower Development Cost — Increases in program- 
mer productivity translates into lower software 
development costs because less programming 
resources are required for a given function. 

• Increased Reliability — The nature of high-level 
languages, including FORTAN-80, is that they lend 
themselves to simple statements of the program 
algorithm. This substantially reduces the risk of 
costly errors in systems that have already reached 
production status. 

• Easier Enhancements and Maintenance — Like 
PL/M, program modules written in FORTRAN-80 are 
easier to read and understand than assembly 
language. This means it is easier to enhance and 
maintain FORTRAN-80 programs as system 
capabilities expand and future products are 
developed. 

• Comprehensive, Yet Simple Project Development 
— The Intellec Microcomputer Development Sys- 
tem, with the 8080/8085 Macro Assembler, PL/M-80 
and FORTRAN-80 is the most comprehensive soft- 
ware design facility available for the Intel 
MCS-80/85 Microprocessor family. This reduces 
development time and cost because expensive (and 
remote) timesharing or large computers are not re- 
quired. 
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SAMPLE FORTRAN-80 SOURCE PROGRAM 
LISTING 



* ** THIS PROGRAM IS AN EXAMPLE OF ISIS-II FORTRAN-80 THAT 

* ** CONVERTS TEMPERATURE BETWEEN CELSIUS AND FARENHEIT 

PROGRAM CONVRT 



10 



20 



100 



200 
300 
400 
500 
600 
700 
800 
900 



CHARACTER* 1 CHOICE, SCALE 

PRINT 100 

** ENTER CONVERSION SCALE (C OR F) 

PRINT 200 

READ (5,300) SCALE 

IF (SCALE .EQ. "O 
f THEN 

PRINT 400 

** ENTER THE NUMBER OF DEGREES FARENHEIT 

READ (5,*) DEGF 

DEGC = 5./9.*(DEGF-32) 

** PRINT THE ANSWER 

WRITE (6,500) DEGF, DEGC 

** RUN AGAIN? 

PRINT 600 

READ (5,300) CHOICE 

IF (CHOICE .EQ. 'Y') 
^■ THEN 

GOTO 10 
ELSE IF (CHOICE .EQ. 'N") 
f THEN 

CALL EXIT 
ELSE 

GOTO 20 
END IF 
ELSE IF (SCALE .EQ. 'F') 
f THEN 

** CONVERT FROM FARENHEIT TO CELSIUS 
PRINT 700 
READ (5,*) DEGC 
DEGF = 9./5.*DEGC+32. 
** PRINT THE ANSWER 
WRITE (6,800) DEGC, DEGF 
GOTO 20 
ELSE 

** NOT A VALID ENTRY FOR THE SCALE 
WRITE (6,900) SCALE 
GOTO 10 
END IF 
FORMAT (• TEMPERATURE CONVERSION PROGRAM',//, 
f TYPE C FOR FARENHEIT TO CELSIUS OR',/, 
<-' TYPE F FOR CELSIUS TO FARENHEIT 
FORMAT (/,' CONVERSION? ' ,$) 
FORMAT(AI) 

FORMAT (/, 'ENTER DEGREES FARENHEIT 
FORMAT (/,F7. 2, DEGREES FARENHEIT 
FORMAT(/,' AGAIN (Y OR N)? ',$) 
FORMAT (/,' ENTER DEGREES CELSIUS: 
FORMAT (/,F7. 2, ' DEGREES CELSIUS = 
FORMAT (/,1H ,A1,' NOT A VALID CHOICE 
END 



,//) 



•,$) 
: •,F7.2,' DEGREES CELSIUS • ) 

',$) 

' , F7 . 2 , ' DEGREES FARENHEIT ' , / ) 
TRY AGAIN! ' ,/) 
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The FORTRAN-80 Compiler is an efficient, multiphase compiler that accepts source programs, translates them into 
relocatable object code, and produces requested listings. After compilation, the object program may be linked to other 
modules, located to a specific area of memory, then executed. The diagram shown below illustrates a program devel- 
opment cycle where the program consists of modules created by FORTRAN-80, PL/M-80 and the 8080/8085 Macro 
Assembler. 
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SPECIFICATIONS 

OPERATING ENVIRONMENT 

Required Hardware: 

Intellec® Microcomputer Development System 

— MDS-800, MDS-888 

— Series II Model 220, Model 230 

64K bytes of RAM memory 

Dual diskette drives 

— Single or Double Density 

System console 

— CRT or hardcopy interactive device 

Optional Hardware: 
Line Printer 
ICE-80™, IGE-85'^'^ 



Required Software: 
ISIS-II Diskette Operating System 
— Single or Double Density 

Optional Software: 

iSBC-801 FORTRAN-80 Run-Time Software Package 
for RMX-80 

DOCUMENTATION PACKAGE 

FORTRAN-80 Programming Manual (9800481) 

ISIS-II FORTRAN-80 Compiler Operator's Manual 
(9800480) 

FORTRAN-80 Programming Reference Card (9800547) 

SHIPPING MEDIA 

Flexible Diskettes 
— Single and Double Density 




ORDERING INFORMATION 

PRODUCT CODE DESCRIPTION 



MDS-301 



FORTRAN-80 Compiler for Intellec 
Microcomputer Development 
Systems 
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BASIC-80 

EXTENDED ANS 1978 BASIC 

INTELLEC® RESIDENT INTERPRETER 



Meets ANS 1978 standard for minimal 
BASIC and adds many powerful 
extensions 

Operates under the ISIS-II operating 
system on Intellec and Intellec Series-ll 
Microcomputer Development Systems 

Full sequential and random disk file I/O 
with ISIS-II 

Applications range from prototyping 
microcomputer software to inexpensive 
engineering and management problem 
solving on the Intellec systems 



Supports the Intel floating point standard 
and provides integer and string data types 

Can call user subroutines written in 
FORTRAN-80, PL/M-80, and 8080/85 
macro assembler that are resident in the 
Intellec memory 

Easily learned language and interactive 
environment combine to provide a flex- 
ible and powerful facility for developing 
programs to run on the Intellec Micro- 
computer Development Systems 



BASIC is an industry standard, higli-levei progrannnning language which is designed to be easily learned and used by 
novices and experienced programmers alike. The interpreter provides an interactive environment which allows fast 
and easy program development, testing, and debugging. BASIC is widely used for problem solving in engineering and 
management; extensive software exists for business applications such as order entry, accounts receivable, accounts 
payable, and inventory control, and engineering applications such as numeric and statistical analysis. 

Intel's BASIC-80 meets the standards of ANS 1978 BASIC and extends them to take advantage of the software devel- 
opment capabilities of the Intellec Microcomputer Development Systems. The matching of these resources with the 
ease of programming in BASIC-80 provides a very effective tool for both microprocessor systems development and 
Inexpensive applications programming and problem solving on the Intellec systems. 
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BASIC-80 LANGUAGE FEATURES 

standard ANS 78 BASIC features, all supported by 
BASIC-80, Include: 

• String and numeric constants, variables, and arrays. 

• FOR... TO... STEP... NEXT statements for loop 
execution. 

• IF . . . THEN statements for conditional execution. 

• ON . . . GOTO statements for computed branching. 

• GOSUB/RETURN subroutine calls and returns. 

• Built in scientific functions: 



ABS 


RND 


TAN 


EXP 


SGN 


COS 


INT 


SQR 


SIN 


LOG 


ATN 





• User defined single statement functions. 

Major extensions to ANS 78 BASIC which BASIC-80 pro- 
vides include: 

• Support for the Intel single and double precision 
floating point standard. 

• Disk file I/O, supporting both random access and 
sequential access files. 

• Direct read and write to CPU I/O ports through the INP 
and OUT functions. 

• Direct memory read and write through the PEEK and 
POKE functions. 

• Calls to user-supplied external subroutines, which 
may have been written in FORTRAN-80, PL/M-80, or 
8080/8085 Assembly Language and have been located 
at absolute memory locations using the ISIS-II 
facilities. 

• User directed error trapping and handling functions. 

• Program execution trace command. 



• Formatted print statement with the PRINT USING 
function. 

• ELSE clause for IF . . . THEN statements. 

• Matrices with up to 110 dimensions. 

• Extensive string manipulation functions. 

• Boolean operators. 

• Type conversion functions— integer, floating point, 
and character. 



BENEFITS OF BASIC-80 

• Added Value to the Intellec Systems— with BASIC-80 
the Intellec Microcomputer Development Systems 
can be effectively used in many engineering and 
management applications. 

• Inexpensive and Accessible Computational Facility— 
the ease of use and flexibility inherent in BASIC-80 
and its interpretive environment fit well with the "at 
hand" computational resources of the Intellec sys- 
tems. The combination is a particularly useful tool for 
obtaining fast and accurate results. 

• Easy to Learn— the language Is designed to be easily 
understood and learned. Results are obtained faster 
and people who may benefit from using the system 
can do so easily. 

• Aid in Microcomputer Software Design— microcom- 
puter software can be prototyped in BASIC-80 to Inex- 
pensively develop and test program logic. 

• Complemented by Existing Software— subroutines 
written In PUM-80, FORTRAN-80, and ASM 8080/85 
can be called from BASIC-80 programs. 

• Easy to Enhance and Maintain— BASIC-80, being 
straightforward and easily understood, provides for 
programs that are easy to maintain and modify in the 
future. 



SPECIFICATIONS 



Operating Environment 

Required Hardware: 

Intellec Microcomputer Development System 

— MDS-800, MDS-888 

— Series-ll Model 220, Model 230 

48K bytes of RAM memory 

Diskette drive 

— Single or double density 

System console 

— CRT or hard copy interactive device 



Optional Hardware: 

Line printer 

Additional diskette drive 

Required Software: 

ISIS-II Diskette Operating System 

— Single or double density 

Documentation Paclcage: 

Basic-80 Reference Manual (9800758A) 
Basic-80 Programming Reference Card (9800774) 

Shipping IVIedia: 

Flexible diskettes 

— Single and double density 
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EXAMPLE BASIC-80 PROGRAM 



list 

10 PRINT "THIS PROGRAiV] CALCULATES THE MEAN AND STANDARD" 

20 PRINT " DEVIATION OF INPUT DATA" 

30 S=0:V=0 

40 INPUT "NUMBER OF VALUES" ;N 

50 FOR 1=1 TO N 

60 INPUT A(I) 

70 S=S+A(I) 

80 NEXT 

90 S=S/N 

100 REM CALCULATION OF VARIANCE 

110 FOR 1=1 TO N 

120 V=V+(A(I)-S)"2/N 

130 NEXT 

140 SD=SQR(V) 

150 PRINT "MEAN=";S 

160 PRINT "STANDARD DEVIATION IS=";SD 

Ok 

run 

THIS PROGRAM CALCULATES THE MEAN AND STANDARD 

DEVIATION OF INPUT DATA 
NUMBER OF VALUES? 6 
? 34.7 
? 32.9 
? 38.2 
? 35 
? 37.6 
? 40.9 
MEAN= 36.55 

STANDARD DEVIATION IS= 2.642442 
Ok 



ORDERING INFORMATION 
Product Code Description 

MDS-320 ISiS-ll BASIC-80 

Disk-Based Interpreter 
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INTELLEC® SINGLE/DOUBLE DENSITY 
FLEXIBLE DISK SYSTEM 



Flexible Disk system providing high 
speed Input/Output and data storage 
for Intellec Microcomputer Development 
Systems 



Data recorded on double density 
flexible disk is in soft-sectored format 
which allows Vi million byte data 
capacity with up to 200 files per flexi- 
ble disk 



Available in both single density and 
double density systems 



Data recorded on single density flexi- 
ble disk is in IBM soft-sectored format 
which allows Va million byte data 
capacity with up to 200 files per flexi- 
ble disk 



Associated software supports up to 
four double density drives and two 
single density drives, providing up to 
2.5 Megabytes of storage in one 
system 

Dynamic allocation and deallocation 
of flexible disk sectors for variable 
length files 



The Intellec® Flexible Disk System is a sophisticated, general purpose, bulk storage peripheral for use with the 
Intellec Microcomputer Development System. The use of a flexible disk operating system significantly reduces pro- 
gram development time. The software system known as ISIS-II (Intel System Implementation Supervisor), provides the 
ability to edit, assemble, compile, link, relocate, execute and debug programs, and performs all file management tasks 
for the user. 




FLEXIBLE DISK SYSTEM 
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HARDWARE 

The Intellec® flexible disk system provides direct 
access bulk storage, intelligent controller, and two flex- 
ible disk drives. Each single density drive provides Va 
million bytes of storage with a data transfer rate of 
250,000 bits/second. The double density drive provides 
1/2 million bytes of storage with a data transfer rate of 
500,000 bits/second. The controllers are implemented 
with Intel's powerful Series 3000 Bipojar Microcomputer 
Set. The controllers provide interface to the Intellec 
System bus. Each single density controller will support 
two drives. Each double density controller will support 
up to four drives. The flexible disk system records all 
data In soft sector format. 

The single/double density flexible disk controllers each 
consists of two boards, the Channel Board and the Inter- 
face Board. These two printed circuit boards reside in 
the Intellec System chassis. The boards are shown in 
the photograph, and are described in more detail in the 
following paragraphs. 




Hill 



;}'i 



SINGLE/DOUBLE DENSITY CHANNEL BOARD 




DOUBLE DENSITY INTERFACE BOARD 

(SINGLE DENSITY INTERFACE BOARD 

IS SIMILAR TO THE ONE SHOWN ABOVE) 



CHANNEL BOARD 

The Channel Board is the primary control module within 
the flexible disk system. The Channel Board receives, 
decodes, and responds to channel commands from the 
Central Processor Unit (CPU) In the Intellec system. The 
Channel Board can access a block of Intellec system 
memory to determine the particular flexible disk opera- 
tions to be performed and fetch the parameters required 
for the successful completion of the specified opera- 
tion. 

The control functions of the Channel Board have been 
achieved with an 8-bit microprogrammed processor, 
designed with Intel's Series 3000 Bipolar Microcom- 



puter Set. This 8-bit processor includes four 3002 Cen- 
tral Processing Elements (2-bit slice per CPE), a 3001 
Microprogram Control Unit, and 512x32 bits of 3604 
programmable-read-only-memory (PROM) which stores 
the microprogram. It is the execution of the micro- 
program by the microcomputer set which actually 
effects the control capability of the Channel Board. 

This board is the same for either single or double den- 
sity drives, except that the Series 3000 microcode is dif- 
ferent. 

INTERFACE BOARD 

The Interface Board provides the flexible disk controller 
with a means of communication with the flexible disk 
drives, as well as with the Intellec system bus. Under 
control of the microprogram being executed on the 
Channel Board, the Interface Board generates those 
signals which cause the read/write head on the selected 
drive to be loaded (i.e., to come in contact with the flex- 
ible disk platter), cause the head to move to the proper 
track and verify successful operation. The Interface 
Board accepts the data being read off the flexible disk, 
interprets synchronizing bit patterns, checks the valid- 
ity of the data using a cyclic redundancy check (CRC) 
polynomial, and then transfers the data to the Channel 
Board. 

During write operations, the Interface Board outputs the 
data and clock bits to the selected drive at the proper 
times, and generates the CRC characters which are then 
appended to the data. 

When the flexible disk controller requires access to 
intellec system memory, the Interface Board requests 
the DMA master control of the system bus, and gener- 
ates the appropriate memory command. The Interface 
Board also acknowledges I/O commands as required by 
the Intellec bus. 

The Flexible Disk System is capable of performing 
seven different operations: recalibrate, seek, format 
track, write data, write deleted data, read data, and verify 
CRC. 

The channel board is different for single and double den- 
sity drives, due to the different recording techniques 
used. The single density controller boards support one 
set of dual single density drives. The double density 
controller boards support up to two sets of dual double 
density drives (four drives total). 

The double density controller may co-reside with the 
Intel single density controller to allow conversion of 
single density flexible disk to double density format, 
and provide up to 2.5M bytes of storage. 

FLEXIBLE DISK DRIVE MODULES 

Each flexible disk drive consists of read/write and con- 
trol electronics, drive mechanisms, read/write head, 
track positioning mechanism, and the removable flex- 
ible disk platter. These components interact to perform 
the following functions: 

• Interpret and generate control signals 

• Move read/write head to selected track 

• Read and write data 
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ASSOCIATED SOFTWARE - INTEL 
SYSTEMS IMPLEMENTATION 
SUPERVISOR (ISIS-II) 

The Flexible Disk Drive System is to be used in con- 
junction with the ISIS-II Operating System. ISIS-II pro- 
vides total file management capabilities, file editing, 



library management, run-time supports, and utility 
management. 

ISIS-II provides automatic implementation of random ac- 
cess disk files. Up to 200 files may be stored on each V4 
million byte flexible disk for single density system or on 
each V2 million byte flexible disk for double density 
system. For more information, see the ISIS-II data speci- 
fication sheet. 



ISIS-II OPERATIONAL ENVIRONMENTAL 

ISIS-II 

32K bytes RAM memory 

48K bytes when using Assembler Macro feature 

64K bytes when using PUM or Fortran 

System Console 

Single or Double density Flexible Disk Drive 

HARDWARE SPECIFICATIONS 

MEDIA 

Single Density Double Density 



Flexible Disk 



Double Density Specified 

Flexible Disk 
One Recording Surface 
Soft Sector Format 
77 Tracks/Diskette 
52 Sectors/Track 
128 Bytes/Sector 



One Recording Surface 
IBM Soft Sector Format 
77 Tracks/Diskette 
26 Sectors/Track 
128 Bytes/Sector 

PHYSICAL CHARACTERISTICS 

CHASSIS AND DRIVES 

Mounting: Table-Top or Standard 19" Retma Cabinet 

Height: 12.08 in. (30.68 cm) 

Width: 16.88 in. (42.88 cm) 

Depth: 19.00 in. (48.26 cm) 

Weight: 64.0 lb (29.0 kg) 

ELECTRICAL CHARACTERISTICS 

CHASSIS 

DC Power Supplies 

Supplied Internal to the Cabinet 
AC Power Requirements 
3-wire input with center conductor (earth ground) tied 
to chassis 

Single-phase, 115 VAC; 60 Hz; 1.2 Amp Maximum (For 
a Typical Unit) 
230 VAC; 50 Hz; 0.7 Amp Maximum (For 
a Typical Unit) 
FLEXIBLE DISK OPERATING SYSTEM CONTROLLER 
DC Power Requirements (All power supplied by Intellec 
Development System) 

CHANNEL BOARD 
Single Density 



5V @ 3.75A (typ), 5A (max) 

INTERFACE BOARD 
Single Density 

5V@ 1.5A(typ),2.5A(max) 



Double Density 

5V @ 3.75A (typ), 5A (max) 



Double Density 

5V@ 1.5A(typ),2.5A(max) 
-10V @ 0.1 A (typ), 
0.2A (max) 



FLEXIBLE DISK DRIVE PERFORMANCE 
SPECIFICATION 





Single 
Density 


Double 
Density 


Capacity (Unformatted): 
Per Disk 
Per Track 


3.1 megabits 
41 kilobits 


6.2 megabits 
82 kilobits 


Capacity (Formatted): 
Per Disk 
Per Track 


2.05M bits 
26.6K bits 


4.10 megabits 
53.2 kilobits 


Data Transfer Rate 


250 kilobits/ 


500 kilobits/ 




sec 


sec 


Access Time: 
Track-to-Track 
Head Settling Time 


10 ms 
10 ms 


10 ms 
10 ms 


Average Random 
Positioning Time 


260 ms 


260 ms 


Rotational Speed 


360 rpm 


360 rpm 


Average Latency 


83 ms 


83 ms 


Recording Mode 


Frequency 
Modulation 


M^FM 



ENVIRONMENTAL CHARACTERISTICS 

MEDIA 



Temperature: 

Operating: 

Non-Operating: 
Humidity: 

Operating: 

Non-Operating: 



15.6°Cto51.7°C 
5Xto55°C 

8 to 80% (Wet bulb 29.4 °C) 
8 to 90% 



DRIVES AND CHASSIS 

Temperature: 

Operating: 

Non-Operating: 
Humidity: 

Operating: 

Non-Operating: 



10^*0 to 38''C 
-35Xto65X 

20% to 80% (Wet bulb 26.7X) 
5% to 95% 



CONTROLLER BOARDS 

Temperature: 

Operating: 

Non-Operating: 
Humidity: 

Operating: 



to 55 "C 
-55Xto85*'C 



Non-Operating: 



Up to 95% relative humidity without 
condensation 

All conditions without condensa- 
tion of water or frost 
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FLEXIBLE DISK SYSTEM 



EQUIPMENT SUPPLIED 

SINGLE DENSITY 

Cabinet, Power Supplies, Line Cord, Two Drives 

Single Density FDC Channel Board 

Single Density FDC Interface Board 

Dual Auxiliary Board Connector 

Flexible Disk Controller Cable 

Flexible Disk Peripheral Cable 

Hardware Reference Manual 

Reference Schematics 

ISIS-II Single Density System Disk 

ISIS-II System User's Guide 



DOUBLE DENSITY 

Cabinet, Power Supplies, Line Cord, Two Drives 

Double Density FDC Channel Board 

Double Density FDC Interface Board 

Dual Auxiliary Board Connector 

Flexible Disk Controller Cable 

Flexible Disk Peripheral Cable 

Hardware Reference Manual 

Reference Schematics 

ISIS-II Double Density System Disk 

ISIS-II System User's Guide 



OPTIONAL EQUIPMENT 

MDS-640 Rack Mount Kit 
MDS-BLD 10 Blank Flexible Disks 
MDS-DDR Second Drive Cabinet with two additional 
drives 



ORDERING INFORMATION 

Part Number Description 

MDS-2DS/110V Flexible Disk drive unit with two 

2DS/220V drives, single density drive con- 

troller, software, and cables. 
MDS-DDS/110V Flexible Disk drive unit with two 

DDS/220V drives, double density drive con- 
troller, software, and cables. 
MDS-DDR/110V Add-on drive unit with two drives 

DDR/220V and double density cable, without 

controller and software. Can be 
used with double density con- 
troller. 
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ISIS-II 

DISKETTE OPERATING SYSTEM 
MICROCOMPUTER DEVELOPMENT SYSTEM 



Supports up to four double density drives 
and two single density drives, providing 
up to 2.5 megabytes of storage in one 
system with up to 200 files per diskette 

Relocating MCS-80/MCS-85 macro- 
assembler contains extended macro and 
conditional assembly capability 

Command file facility allows console 
commands to be submitted from 
diskette file 

Diskette operating system functions 
callable from user programs 

Diskette system text editor provides 
string search, substitution, insertions, 
and deletion commands 



Supports resident, high level program- 
ming languages, PL/M and FORTRAN 

Provides dynamic allocation and de- 
allocation of diskette sectors for 
variable length files 

Linker automatically combines 
separately assembled or compiled pro- 
grams into single relocatable module 

Library manager creates and updates 
program libraries 

Supports all standard Ihtellec 
peripherals 

Provides access to all Intellec monitor 
facilities 



The ISIS-II Microcomputer Development System Diskette Operating System is a sophisticated, general purpose, high 
speed data handler and file manipulation system. It provides the ability to edit, assemble, compile, link, relocate, 
execute, and debug programs, and performs all user file management tasks. The ISIS-II operating system resides on 
the system diskette and supports a broad range of user oriented design aid software. Total file management and input 
editing features greatly reduce software development time. The ISIS-II relocating macroassembler, linker, object 
locator, and library manager may be loaded from the diskette in seconds. All passes of the assembler may be executed 
without the need for user intervention. Object code and listings may be directed to any output device, or stored as 
diskette files. Powerful system console commands are provided in an easy to use context. Monitor mode may be 
entered by a special prefix to any sytem command or program call. 
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FUNCTIONAL DESCRIPTION 

The ISIS-II operating system resides on the system disk- 
ette and supports a broad range of user oriented design 
aid software. Total file management and input editing 
features greatly reduce software development time. The 
ISIS-II relocating macroassembler, linker, object locator, 
and library manager may be loaded from the diskette in 
seconds. All passes of the assembler may be executed 
without the need for user intervention. Object code and 
listings may be directed to any output device, or stored 
as diskette files. A diagram of the ISIS-II system pro- 
gram development flow is shown in Figure 1. 

ISIS-II Files 

A file is a user defined collection of information of 
variable length. ISIS-II also treats each of the standard 
Intellec system peripherals as files through preassign- 
ment of unique file names to each device. In this manner 
data may be copied from one device to another (i.e., tape 
reader to tape punch) using the same command required 
to copy one diskette data file to another. ISIS-II provides 
automatic implementation of random access disk files. 
Each file is identified by a user chosen name unique on 
its diskette. Up to 200 files may be stored on each 
diskette. 

ISIS-II System Commands 

ISIS-II system commands are designed to provide the 
user with a powerful, easy to use program and file mani- 
pulation capability. Several commands have the capabi- 
lity of operating on several files at once via the wildcard 
file naming convention. As an example, the command 
DELETE • .OBJ deletes all files in the diskette directory 
with the suffix .OBJ. A summary of ISIS-II system com- 
mands is presented in Table 1. 



Call Capability — The delete, rename, and attribute 
assignment commands, along with a set of file I/O 
routines, are callable from user written programs. This 
allows the user to open, close, read, and write diskette 
files, access standard peripheral devices, write error 
messages, and load other programs via simple program 
call statements. 



Command 


Operation 


Initialize 
disk 

Attribute 
assignment 

Copy 
Delete 

Directory 

Rename 
Format 

Debug 
Submit 


Initializes a diskette for use by the sys- 
tem. Requires only one disk drive. 

Assigns specified attributes to a file, 
such as write-protect. 

Creates copies of existing diskette 
files or transfers files from one device 
to another. 

Removes a file from the diskette, 
thereby freeing space for allocation of 
other files. 

Lists name, size, and attributes of files 
from a specified diskette directory. 

Allows diskette files to be renamed. 

Initializes a diskette for use by the sys- 
tem. (Use with two or more drives.) 

Loads a specified program from a disk- 
ette into memory and then transfers 
control to the Intellec monitor for exe- 
cution and or debugging. 

Provides capability for executing a 
series of ISIS-II commands previously 
written to a diskette file. 



Table 1. ISIS*II System Commands 



ISIS-II 
TEXT 
EDITOR 




ISIS-II 
TEXT 
EDITOR 



ISIS-II 
TEXT 
EDITOR 




ASSEMBLY 
LANGUAGE 
SOURCE 





RELOCATABLE 
OBJECT 
MODULE 



J PL/M \ ^ 

I COMPILER i 



RELOCATABLE 
OBJECT 
MODULE 




RELOCATABLE 
OBJECT 
MODULE 





OPTIONAL 

ICE-80 

ICE-85 
INCIRCUIT 
EMULATOR 



Figure 1. Program Development Flow Using ISIS-II Disk Operating System 
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ISIS-II Text Editor 

The ISIS-II text editor is a comprehensive tool for 
assembly language, PL/M, and FORTRAN program entry 
and correction for Intel microcomputers. Its command 
set allows either entire lines of text or individual charac- 
ters to be manipulated within a line. 

Program Entry — Programs may be entered from the 
console keyboard or may be loaded directly. Text is 
stored internally in the editor's workspace, and may be 
edited with the following commands: 

• string insertion or deletion 

• string search 

• string substitution 

Utility Commands — To facilitate the use of these 
editing commands, utility commands are used to 
change positions in the workspace. These include: 

• move pointer by line or by character 

• move pointer to start of workspace 

• move pointer to end of workspace 

Storage — The contents of the workspace are stored on 
diskette and can be immediately accessed by ISIS-II 
commands or other programs, such as the ISIS-II MCS- 
80/MCS-85 macroassembler. 

ISIS-II MCS-80/MCS-85 Relocating 
Macroassembler 

Address Translation - The ISIS-II MCS-80/MCS-85 
macroassembler translates assembly language mne- 
monics into relocatable and/or absolute object code 
modules. In addition to eliminating the errors of hand 
translation, the ability to refer to program addresses 
with symbolic names makes it easy to modify programs 
by adding or deleting instructions. Extended macro 
capability eliminates the need to rewrite similar sec- 
tions of code repeatedly, and thus simplifies program 
documentation. Conditional assembly permits the 
assembler to include or delete sections of code that 
may vary from system to system, such as the code re- 
quired to handle optional external devices. Additionally, 
the user is allowed complete freedom in assigning the 
location of code, data, and stack segments. 

List File — The ISIS-II Assembler accepts diskette file 
input and produces a relocatable object file with corre- 
sponding symbol table and assembly listing file, Includ- 
ing any error messages. A cross reference listing is also 



optionally produced. The list file may then be examined 
from the system console or copied to a specified list 
device. 

Object File — The relocatable object file generated by 
the assembler may be combined with other object pro- 
grams residing on the diskette to form a single relocata- 
ble object module or it can be converted to an absolute 
form for subsequent loading and execution. 

ISIS-II Linker 

The ISIS-II linker provides the capability to combine the 
outputs of several independently compiled or assem- 
bled object modules (files) into a single relocatable 
object module. The linker automatically resolves all 
external program and data references during the linking 
process. Object modules produced from previous link 
operations may be easily linked to a new module. ISIS-li 
also provides facilities to ease the generation of over- 
lays. An optional link map showing the contents and 
lengths of each segment in the output module can be 
requested. All unsatisfied external references are also 
listed. If requested by the user, the ISIS-II linker can 
search a specified set of program libraries for routines 
to be included in the output module. 

ISIS-II Object Locator 

The ISIS-II locate program takes output from either the 
resident FORTRAN or PL/M compilers, the macroas- 
sembler, or the linker and transforms that output from 
relocatable format to an absolute format which may 
then be loaded via the standard ISIS-II loader, or loaded 
Into an appropriate in-circuit emulator (ICE) module. 
During the locate process, code, data, and stack seg- 
ments may be separately relocated, allowing code to be 
put in areas to be subsequently specified as ROM, while 
data and the stack are directed to RAM addresses. A 
locate map showing absolute addresses for each code 
and data segment and a symbol table dump listing sym- 
bols, attributes, and absolute address may also be 
requested. 

ISIS-II Library Manager 

The ISIS-II Library Manager program provides for the 
creation and maintenance of a program library contain- 
ing Intel-provided and user-written programs and sub- 
routines. These library routines may be linked to a pro- 
gram using the ISIS-II linker. Several libraries, each con- 
taining its own set of routines, may be created. 



ORDERING INFORMATION 



Part Number 

MDS-2DS or 
MDS-DDS 220 



Description 

Diskette operating 
system 



12-49 



iniei 



INTELLEC PROMPT 48 
MCS-48 MICROCOMPUTER DESIGN AID 



Complete low cost design aid and 
EPROM programmer for revolutionary 
MCS-48 single component computers 

Simplifies microcomputing, allowing user 
to enter, run, debug, and save machine 
language programs with calculator-like 
ease 

Utilizes two removable 8-bit MCS-48 
CPUs 

— 8748 CPU with erasable, reprogram- 
mable on-chip program memory 

— 8035 CPU with off-chip program 
memory 

1K-byte erasable, reprogrammable on- 
chip (8748), expandable program mem- 
ory, 1K-byte RAM in PROMPT system 

64 bytes RAM on-chip, expandable 
register memory 



256 bytes expandable RAM data memory 
in PROMPT system 

27 on-chip TTL compatible expandable 
I/O lines 



On-chip clock, internal timer/event 
counter, two vectored interrupts, eight 
level stack control 



Single + 5V DC system power 
requirement 

Integral keyboard and displays (no tele- 
typewriter or CRT terminal required) 

Extensive PROMPT 48 monitor, allowing 
system I/O, bus, and memory expansion 

Includes comprehensive design library 



The Intellec Prompt 48 MCS-48 Microcomputer Design Aid is a low cost, fully-assembled design aid for the revolu- 
tionary 8748 single component microcomputer. PROMPT 48 simplifies the programming of MCS-48 systems — pro- 
grams may be entered and debugged with calculator-like ease on the large, informative display and keyboard panel. 
The comprehensive design library with tutorial manual is ideal for newcomers to microcomputing. PROMPT 48's 
panel connector allows easy access to I/O ports and system bus. Thus users can expand program memory beyond the 
1K bytes provided internally. 



i^R.^^^ 
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FUNCTIONAL DESCRIPTION 

"PROMPT" stands for PROgraMmIng Tool. It Is a pro- 
grammer for 8748 EPROMs, and a versatile aid for 
debugging MCS-48 programs. Programs can be entered 
via its integral panel keyboard, programming socket, or 
serial channel. Almost any terminal can be interfaced to 
tlie serial channel. Including a teletypewriter, CRT, or an 
Intellec microcomputer development system. Intellec 
PROMPT 48 simplifies the programming of MCS-48 
systems. Like the 8748 it is radically new, highly in- 
tegrated, and expandable. Like the MCS-48 family, it is 
low cost, and Ideal for small applications and programs, 
it is a design aid, not a development system with 
sophisticated software and peripherals. 

MGS-48 Processors 

PROMPT 48 comes complete with two of Intel's revolu- 
tionary MCS-48 processors: an 8748-4 Single Compo- 
nent 8-Bit Microcomputer and and 8035-4 Single Compo- 
nent 8-Blt Microcomputer. Advances In n-channel MOS 
technology allow Intel, for the first time to integrate Into 
one 40-pin component all computer functions: 
8-blt CPU 

1Kx 8-bit EPROM/ROM program memory 
64 X 8-bit RAM data memory 
27 input/output lines 
8-bit timer/event counter 

Performance — More than 90 instructions — each one 
or two cycles — make the single chip MCS-48 equal in 
performance to most multi-chip microprocessors. The 
MCS-48 Is an efficient controller and arithmetic pro- 
cessor, with extensive bit handling, binary, and BCD 
arithmetic instructions. These are encoded for 
minimum program length; 70% are single byte opera- 
tion codes, and none is more than two bytes. 

Flexibility ■— Three interchangeable, pin-compatible 
devices offer flexibility and low cost in development and 
production, as follows: 

8748 — with user-programmable and erasable EPROM 

program memory for prototype and pre-productions 

systems. 

8048 — with factory-programmed mask ROM memory 

for low-cost, high volume production. 

8035 — without program memory, for use with external 

program memories. 

Circuitry — Each MCS-48 processor operates on a 
single -i-5V supply, with internal oscillator and clock 
driver, and circuitry for Interrupts and resets. Extra cir- 
cuitry is In the 8048 ROM processor to allow low power 
standby operation. The 64 x 8 RAM data memory can be 
independently powered. 



Compatibility — For systems requiring additional com- 
patibility, the MCS-48 can be expanded with the new 
8243 I/O expander, 8155 I/O and 256-byte RAM, 8755 I/O 
and 2K-byte EPROM, or 8355 I/O and 2K ROM devices. 
MCS-48 processors readily interface to MCS-80/85 
peripherals and standard memories. 

Memory Capacity 

PROMPT 48 is a complete, fully assembled and powered 
microcomputer system including program memory, data 
memory, I/O, and system monitor beyond that available 
on MCS-48 single component computers. 1K bytes of 
PROMPT system RAM serve as "writable program mem- 
ory" — a ROM simulator for the program memory on 
each MCS-48 computer. 256 bytes of PROMPT system 
RAM serve as "external data memory," beyond the 64 
register bytes on each MCS-48 computer. Users may fur- 
ther expand program or data memory via the panel I/O 
ports and bus connector. 

Programming 

Programs written first In assembly language, are 
entered in machine language and debugged with 
calculator-like ease on the large, informative display 
and keyboard panel. Most MCS-48 operations can be 
specified with only two keystrokes. Once entered, 
routines can be exercised one instruction (single step) 
or many Instructions at a time. The principal MCS-48 
register — the accumulator — is displayed while single 
stepping. Programs can be executed in real time (GO 
NO BREAK) or with as many as eight different break- 
points (GO WITH BREAK). 

Control 

PROMPT 48 can be fully controlled either by the panel 
keyboard and displays, or remotely by a serial channel. 
Thus a teletypewriter or CRT can be used but neither is 
required. 

Access 

The PROMPT panel I/O ports and bus connector allow 
easy access to all MCS-48 pins except those reserved 
for control by the PROMPT system, namely EA external 
access, SS single step, and X1, X2 clock inputs. 

Optional Expansion 

PROMPT 48 may be expanded beyond the resources on 
both the MCS-48 single component computer and the 
PROMPT system. External program and data memory 
may be Interfaced and Input/out ports added with the 
8243 I/O expander. 
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FEATURES 

Single Component Computer 

The 8748 is the first microcomputer fully integrated on 
one component. All elements of a computing system are 
provided, including CPU, RAM, I/O, timer, interrupts, and 
erasable, reprogrammable nonvolatile program memory. 

Programming Socltet 

PROMPT'S programming socket programs this revolu- 
tionary "smart PROM"— the 8748--in a highly reliable, 
convenient manner. A fail-safe interlock ensures the 
device is properly inserted before applying program- 
ming pulses. Each location may be individually pro- 
grammed, one byte at a time. A read-before-write 
programming algorithm prevents device damage by 
Inadvertently programming unerased memory. 

MCS-48 Processors 

The execution socket accepts either an 8035 or an 8748 
MCS-48 processor. Both are supplied with each 
PROMPT 48, and either can serve as heart of the 
PROMPT system. There are no processors within the 
PROMPT 48 mainframe, which Instead contains monitor 
ROM and RAM, user RAM, peripherals, drivers, and 
sophisticated control circuitry. Once a processor is 
seated In the execution socket and power is applied, the 
PROMPT system comes to life. Various access modes 
may be selected such as program execution from 
PROMPT system RAM, or from on-chip PROM. Thus pro- 
grams may first be executed from PROMPT RAM with 
the 8035 processor. When debugging is complete, the 
8035 (execution socket) processor can program the 8748 
(programming socket) processor. Finally, a programmed 
8748 processor may be exercised by itself from the 
execution socket. The execution socket processor runs 
either monitor or user programs. 

System IVIonitor 

The system reset command initializes the PROMPT 
system and enters the monitor. The monitor interrupt 
command exits a user program gracefully, preserving 
system status and entering the monitor. The user inter- 
rupt command causes an interrupt only if the PROMPT 
system is running a user program. A comprehensive 
system monitor resides in four 1K-byte read only 
memories. It drives the PROMPT keyboard and displays 
and responds to commands and functions. The top 16 
bytes of on-chip program memory must be used by the 
PROMPT system to switch between monitor and user 
programs. It requires one level of the MCS-48 eight-level 
stack. 

Commands 

PROMPT 48's commands are grouped and color-coded 
to simplify access to the 8748's separate program and 
data memory. Registers, data memory, or program mem- 
ory, may be examined and modified with the examine 
and modify commands. Then either the next or previous 
register and memory locations may be accessed with 
one keystroke. Programs may be exercised in three 
modes. The go no break (GO NO BREAK) runs in real 
time. The go with break (GO WITH BREAK) mode is not 



real t^me — after each instruction the MCS-48 program 
counter is compared against pending breakpoints. If no 
break is encountered, execution resumes. The go single 
step (GO SINGLE STEP) mode exercises one instruction 
at a time. Commands are like sentences, with param- 
eters separated by E NEXT. Each command ends with 
EXECUTE/END. In addition to the PROMPT basic 
commands, thirteen functions simplify programming. 
Each is started merely by pressing a hex data/function 
key and entering parameters as required, as shown in 
Table 1. 
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Cable Interface 

An optional cable, PROMPT-SER, directly connects the 
PROMPT systenn to virtually any terminal via a rear 
access slot. 
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Key 


Function 


Operation 





Port 2 map 


Allows specification of direction of each pin 
on port 2. Port 2 is multiplexed to address 
external program memory and expand I/O. 
Thus it must be buffered; the P2 map com- 
mand establishes the direction of buffering. 




Program EPROM 
Byte search 
(with optional 
masl<) 


Programs 8748 EPROMs. 
Sweeps through register, data, or program 
memory searching for byte matches. Start- 
ing and ending memory addresses are spe- 
cified. 


@ 


Word search 
(with optional 
mask) 


Sweeps through register, data, or program 
memory searching for word matches. Start- 
ing and ending memory addresses are spe- 
cified. 


a 


Hex calculator 


Computes hexadecimal sums and differ- 
ences. 


Q 


8748 program 
for debug 


Similar to program EPROM, but ensures that 
the top of program memory contains moni- 
tor re-entry code for debugging. 


a 


Compare 


Verifies any portions of EPROM program 
memory against PROMPT memory. 


a 


Move memory 


Allows blocks of register, data, or program 
memory to be moved. 


s 


Access 


Specifies one of six access modes for PRO- 
MPT 48. For example EPROM, PROMPT 
RAM, or external program memory, and a 
variety of input/output options may be 
selected. 


s 


Breakpoint 


Allows any or all of the eight breakpoints to 
be set and cleared. 


[c] 


Clear 


Clears portions of register, data, or program 
memory. 


a 


Dump 


Dumps register, data, or program memory to 
PROMPT'S serial channel: for example, a 
teletypewriter paper tape punch. 


a 


Enter 


Enters (reads) register, data, or program 
memory from PROMPT'S serial channel. 


E 


Fetch 


Fetches programs from EPROM to PROMPT 
RAM. 



Table 1. PROMPT 48 Commands and Functions 



Access 

Easy access to the pins of the executing processor is 
provided via the I/O ports and bus connector. Only the 
EA external access, SS single step, and X1, X2 clock 
Inputs are reserved for the PROMPT system. 

Expansion 

Program or data memory may be expanded beyond that 
provided on-chip or in the PROMPT system. I/O ports 
may be expanded, as with the 8243, or peripheral con- 
trollers may be memory-mapped. The I/O ports and Bus 
connector allows the execution socket processor to be 
directly Interfaced to prototype systems, yet be con- 
trolled from the PROMPT panel. 

Control 

The command/function group panel keyboard and dis- 
plays completely control PROMPT 48— a teletypewriter 
or CRT terminal is not needed. A hyphen prompting 
character appears whenever a command or function can 
be entered. Addresses and data are shown whenever 
examining registers and memory. Parameters for com- 
mands and functions are also shown. 
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Documentation 

The PROMPT 48 manual includes chapters for the 
reader with little or no programming experience. Topics 
treated range from number systems to microcomputer 
hardware design. A novel, unifying set of tutorial 
diagrams — IVIICROMAPS — simplify microcomputer 



concepts. PROMPT'S handy, pocket-sized reference 
cardlet can be affixed to the mainframe. Programming 
pads aid In the organization and documentation of pro- 
grams. These features, plus a comprehensive design 
library of manuals, articles, and application notes, 
make the Intellec PROMPT 48 ideal for the newcomer to 
microcomputing. 



SPECIFICATIONS 

Timing 

Basic Instruction — 2.5 ^s 
Cycle Time — tcv = 2.6 ^s 
Clock — 6 MHz ± 0.1% 

IVIemory Bytes 

The 8748 contains 64 bytes of register memory, no ex- 
ternal data memory, and 1024 bytes of RAM program 
memory. The PROMPT system provides 256 bytes of ex- 
ternal data memory, and 1024 bytes of RAM program 
memory. PROMPT RAM program memory can be used 
in place of the on-chip EPROM program memory; thus 
programs less than 1024 bytes may be designed. For 
larger programs additional memory can be directly in- 
terfaced to the MCS-48 bus via the PROMPT panel I/O 
ports and bus connector. 

Memory Configuration 



Memory 


Maximum 


On Chip 


In PROMPT 48 


Register 

Data 

Program 


64 
3328 
4096 


64 



1024 EPROM 




256 

1024 RAM 



I/O Ports 

All MCS-48 I/O ports are accessible on the PROMPT 
panel connector. 

Bus — A true bidirectional 8-bit port with associated 
strobes, if the bidirectional feature is not needed, bus 
can serve as either a statically latched output port or a 
non-latching Input port. Input and output lines cannot 
be mixed. 

Ports 1 and 2 — Data written to these 8-blt ports is 
latched and remains unchanged until written. As inputs 
these lines are not latching. The lines of ports 1 and 2 
are called quasibidirectional. A special output structure 
allows each line of port 1 and half of port 2 to serve as an 
input, an output, or both. Any mix of input, output, and 
both lines Is allowed. 

TO, T1, and INT — Three pins that can serve as inputs. TO 
can be designated as a clock output. Input/output can 
be expanded via the PROMPT panel connector with a 
special I/O expander (8243) or standard peripherals. 

Reset and interrupts 

Reset — initializes the PROMPT system and enters the 

monitor. 

Monitor Interrupt — exits a user program gracefully, 

preserving system status and entering the monitor. 



User Interrupt — causes an interrupt only if the 
PROMPT system is running a user program. 

The processor traps to location 3i6- The MCS-48 timer/- 
event counter is not used by the PROMPT system and is 
available to the user. Either timer flag or interrupt will 
signal when overflow has occurred. The timer Interrupt 
can be used only in the go-no-breal^ (real time) mode. 

EPROIVI Programming 

PROMPT 48 provides a programming socket to directly 
program 8748s. Programs are loaded into the PROMPT 
RAM program memory via keyboard. EPROM, teletype- 
writer, or other serial interface. A fail-safe interlock 
ensures programming pulses are applied only If the 
device is properly inserted. Inadvertant reprogramming 
is prevented by a read-before-write programming algo- 
rithm. Each location may be individually programmed, 
one byte at a time. 



Panei I/O Ports and Bus Connectors 

All MCS-48 pins, except five, are accessible on the I/O 
ports and bus connector. The five reserved for PROMPT 
system control are EA external access, SS single step, 
XI, X2 crystal Inputs, and 5V. Due to Internal buffering 
of the MCS-48 bus, access times will be negligibly 
degraded by the PROMPT system. Since MCS-48 pro- 
cessors do not communicate internal address gate 
status, bus data must be driven out if neither PSEN nor 
RD Is asserted. 



System Devices 

Both user programs and the PROMPT monitor enjoy ac- 
cess to system devices: serial i/0, panel displays, and 
keyboard. These are memory-mapped to program 
memory addresses beyond 2K. 

Serial I/O — The serial I/O port (data820i6, control 821 le) 
is defined by software and jumpers for 110 baud, 20 mA 
current loop, but can easily be jumpered for other baud 
rates and RS232C levels. Asynchronous or synchronous 
transmission, data format, control characters, and par- 
ity can be programmed. 

Panel Displays — Eight display ports (data 810-817-16) 
allow each of the panei displays to be written from user 
programs. Data written on a display device will time out 
after a fixed Interval. Displays must be refreshed on a 
polled or Interrupt-drlven basis. User programs can call 
software drivers which provide this capability. 
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Keyboard — Software is used to debounce the panel 
keyboard (data 8IO16). The monitor's input routines (see 
Software Drivers) provide this debouncing and can be 
called from user programs. 

Commands 

Single step \ 
With break J Go 
No break j 

{Register | 
Data I Memory 
Program J 
Open previous/clear/entry H Next D Execute/End 

Functions 






Port 2 map 

Program EPROM (8748) 

Search (R, D or P)* memory for 1 

mask 

Search (R, D or P) memory for 

mask 

Hexadecimal calculator +,- 

8748 program EPROM for debug 

Compare EPROM with memory 

Move memory (R, D or P) 

Access 

Breakpoint 

Clear memory (R, D or P) 

Dump memory (R, D or P) 

Enter (read) memory (R, D or P) 

Fetch EPROM program memory 



byte, optional 
2 bytes, optional 



Panel I/O Ports and Bus Connector — 3M 3425 Flat 
Crimp. A complete cable set including wirewrap header 
for prototyping is included with each PROMPT. 

Equipment Supplied 

PROMPT 48 mainframe with two MCS-48 processors 

(8748, 8035), display/keyboard, EPROM programmer, 

power supply, cabinet, and ROM-based monitor. 

110 V AC power cable 

110 or 220 VAC 

Fuse 

Panel I/O ports 

Bus connector cable set 

Physical Characteristics 

Height — 5.3 In. (13.5 cm) max 
Width - 17 in. (43.2 cm) 
Depth — 17 in. (43.2 cm) max 
Weight — 21 lb. (9.6 kg) 

Electrical Characteristics 

Pc- er Requirements — either 115 or 230V AC (±10%) 
may be switch selected on the mainframe. 1.8 amps 
max current (at 125 V AC). 
Frequency — 47-63 Hz 

Environmental Characteristics 

Operating Temperature — 0**C to + 40 °C 
Non-Operating Temperature — 20**C to +65^0 



Note 

*R, D, or P is register, data, or program. 

Software Drivers 

Panel Keyboard In - KBIN, KDBIN 

Panel Display Out - DGS6, DGOUT, HXOUT, BLK, 

REFS, ENREF 

Serial Channel - CI, CO, Rl, PC, CSTS 

Connectors 

Serial I/O - 3M 3462-0001 Flat Crimp/AMP 88106-1 Flat 
Crimp/ Tl H312113 Solder/AMP 1-583485-5 Solder. 



Reference Manuals 

9800402 — Intellec PROMPT 48 User's Manual 

(SUPPLIED) 

9800270 — MCS-48 User's Manual (SUPPLIED) 

9800255 — MCS-48 and UPI-41 Assembly Language 

Programming Manual (SUPPLIED) 

Reference manuals are shipped with each product only 
if designated SUPPLIED (see above). Manuals may be 
ordered from any Intel sales representative, distributor 
office or from Intel Literature Department, 3065 Bowers 
Avenue, Santa Clara, California 95051. 



ORDERING INFORMATION 
Part Number Description 

PROMPT-48 or Intellec PROMPT 48 MCS-48 mlcro- 
PROMPT-48-220V computer design aid. Complete with 
two MCS-48 processors (8748 and 
8305), EPROM programmer, integral 
keyboard, displays, and system 
monitor in ROM. 

PROMPT-SER Serial cable for connecting PROMPT 

to TTY, CRT 
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ICE-49 
MCS-48 IN-CIRCUIT EMULATOR 

Emulates 8049, 8048, 8748, 8039, 8035, and 8021* Microcomputers 



Extends Intellec microcomputer develop- 
ment system debug power to user con- 
figured system via external cable and 
40-pin plug, replacing system MCS-48 
device 

Emulates user system MCS-48 device in 
real time 

Shares static RAM memory with user 
system for program debug 

Provides hardware comparators for user 
designated break conditions 



Eliminates need for extraneous debug- 
ging tools residing in user system 

Collects bus, register, and MCS-48 
status information on instructions 
emulated 

Provides capability to examine and alter 
MCS-48 registers, memory, and flag 
values, and to examine pin and port 
values 

Integrates hardware and software efforts 
early to save development time 



The ICE-49 MCS-48 In-Circuit Emulator module is an Intellec-resident module that interfaces with any MCS-48 system. 
The MCS-48 family consists of the 8049, 8048, 8748, 8039, 8035, and 8021 microcomputers. The ICE-49 module inter- 
faces with an MCS-48 system through a cable terminating in an MCS-48 pin-compatible plug which replaces the 
MCS-48 device in the sytem. With the ICE-49 plug in place, the designer has the capability to execute the system in 
real time while collecting up to 255 instruction cycles of real-time trace data. In addition, he can single step the system 
program to monitor more closely the program logic during execution. Static RAM memory is available through the 
ICE-49 module to emulate MCS-48 program and data memory. The designer can display and alter the contents of data 
and replacement RAM control memory, internal MCS-48 registers and flags and I/O ports. Powerful debug capability is 
extended into the MCS-48 system while ICE-49 debug hardware and software remain inside the Intellec system. Sym- 
bolic reference capability allows the designer to use meaningful symbols rather than absolute values when examining 
and modifying memory, registers, flags, and I/O ports in this system. 

*EM1 emulator board is also required. 
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FUNCTIONAL DESCRIPTION 
Debug Capability Inside User System 

The ICE-49 module provides the user with the ability to 
debug a full prototype or production system without 
introducing extraneous hardware or software test tools. 
The module connects to the user system through the 
socket provided for the MCS-48 device in the user 
system. Intellec memory is used for the execution of the 
ICE-49 software. The Intellec console and file handling 
capabilities provide the designer with the ability to com- 
municate with the ICE-49 module and display informa- 
tion on the operation of the prototype system. The 
ICE-49 module block diagram is shown in Figure 1. 

Batch Testing 

In conjunction with the ISIS-II diskette operating 
system, the ICE-49 module can run extensive system 
diagnostics without operator intervention. The designer 
or test engineer can define a complete diagnostic exer- 
cise, which is stored in a file on the diskette. When acti- 
vated with an ISIS-II submit command, this file can 
instruct the ICE-49 module to execute the diagnostic 
routine and store the results in another file on the 
diskette. Results are available to the designer at his con- 
venience. In this way, routine diagnostics and long term 
testing may be done without tying up valuable man- 
power. 



Integrated Hardware/Software Development 

The user prototype need consist of no more than an 
MCS-48 socket and timing logic to begin Integration of,, 
software and hardware development efforts. Through 
the ICE-49 module mapping capabilities, Intellec system 
resources can be accessed to replace prototype mem- 
ory. Hardware designs can be tested using the system 
software to drive the final product. Thus, the system in- 
tegration phase, which can be costly when attempting 
to mesh completed hardware and software products, 
becomes a convenient two-way debug tool when begun 
early in the design cycle. 

Real-Time Trace 

The ICE-49 module captures trace information while the 
designer is executing programs in real time. The instruc- 
tions executed, program counter, port values for bus 0, 
port 1 and port 2, and the values of selected MCS-48 
status lines are stored for the last 255 instruction cycles 
executed. When retrieved for display, code is disassem- 
bled for user convenience. This provides data for deter- 
mining how the user system was reacting prior to emu- 
lation break, and is available whether the break was user 
initiated or the result of an error condition. For more 
detailed information on the actions of internal registers, 
flags, or other system operations, the user may operate 
in single or multiple step sequences tailored to system 
debug needs. 
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Figure 1. ICE-49 Module Block Diagram 
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Memory Mapping 

The 8049, 8748 and 8048 contain internal program and 
data memory. Both program and data memory can be 
expanded using external memory devices. 

Internal Memory — When the MCS-48 microcomputer is 
replaced by the ICE-49 socket in a system, the ICE-49 
module supplies static RAM memory as a replacement 
for the Internal microcomputer memory. The ICE-49 
module has enough RAM memory available to emulate 
up to the total 4K control memory capability of the sys- 
tem. The ICE-49 module also provides for up to 320 
bytes of data memory. 

External Memory — The ICE-49 module separates 
replacement control memory into sixteen 256-byte 
blocks. Replacement external data memory consists of 
one 266-byte block. Each block of memory can be de- 
fined separately as supplied by the user system or sup- 
plied by the ICE-49 module. The user may assign ICE-49 
equivalent memory to take the place of external memory 
not yet supplied in his system. 

Symbolic Debugging 

ICE-49 software provides symbolic definition of all 
MCS-48 registers, flags, and selected MCS-48 pins. 
Symbolically defined pseudo registers provide access 
to the sense of MCS-48 flip flops which enable time, 
counter, Interrupt, and flag-O/flag-1 options. In addition, 
the user may reference locations in program and data 
memory, or their contents, symbolically. The user sym- 
bol table generated along with the object file during a 
program assembly may be loaded to Intellec memory for 
access during emulation. The user Is encouraged to add 
to this symbol table any additional symbolic values for 
memory addresses, constants, or variables he may find 
useful during system debugging. Symbols may be sub- 
stituted for numeric values in any of the ICE-49 com- 
mands. Symbolic reference is a great advantage to the 
system designer. He is no longer burdened with the 
need to recall or look up those addresses of key loca- 
tions In his program that can change with each assem- 
bly. Meaningful symbols from his source program may 
be used instead. For example, the command: 

GO FROM .START TILL XDATA. RSLT WRITTEN 

begins execution of the program at the address refer- 
enced by the label START in the designers assembly 
program. A breakpoint is set to occur the first time the 
microprocessor writes to the external data memory 
location referenced by RSLT. The designer does not 
have to be concerned with the physical locations of 
START and RSLT. The ICE-49 software driver supplies 
them automatically from information stored In the 
symbol table. 

Hardware 

The ICE-49 module is a microcomputer system utilizing 
Intel's 8049 or 8048/8748 microcomputer as its nucleus. 
The 8049 provides the 8049, 8039 emulation character- 
istics. The 8048/8748 provides the 8748/8648/8035/8021 
emulation characteristics. The ICE-49 module uses an 



Intel 8080 to communicate with the Intellec host pro- 
cessor via a common memory space. The 6080 also con- 
trols an internal ICE-49 bus for intramodule communfca- 
tion. ICE-49 hardware consists of two PC boards, the 
controller board, and the emulator board, all of which 
reside In the Intellec chassis. A cable interfaces the 
ICE-49 boards to the MCS-48 system. The cable ter- 
minates in a MCS-48 pin compatible plug which 
replaces any MCS-48 device In the user system. The 
ICE-49 module block diagram is shown in Figure 1. 

Real-Time Trace 

Trace Buffer — While the ICE-49 module is executing 
the user program, it is monitoring port, program 
counter, data, and status lines. Values for each instruc- 
tion cycle executed are stored in a 255x44 real-time 
RAM trace buffer. A resetable timer resident on the con- 
troller board counts instruction cycles. 

Controller Board 

The ICE-49 module talks to the Intellec system as a 
peripheral device. The controller board receives com- 
mands from the Intellec system and responds through 
the parameter block. Three 15-blt hardware breakpoint 
registers are available for loading by the user. While in 
emulation mode, a hardware comparator is constantly 
monitoring address and status lines for a match to ter- 
minate an emulation. The breakpoint registers provide a 
signal when a match Is detected. The user may disable 
the emulation break capability and use the signal to syn- 
chronize other debug tools. The controller board returns 
real-time trace data, MCS-48 register, flag, and pin 
values, and ICE-49 status information, to a control block 
in the Intellec system when emulation is terminated. 
This Information is available to the user through the 
ICE-49 interrogation commands. Error conditions, when 
present, are automatically displayed on the Intellec 
system console. The controller board also contains 
static RAM memory, which can be used to emulate 
MCS-46 program and data memory in real time. 4K of 
memory is available in sixteen 256-byte pages to emu- 
late MCS-48 PROM or PROM program memory. A 256- 
byte page of data memory is available to access in place 
of MCS-48 external data memory. The controller board 
address map directs the ICE-49 module to access either 
replacement ICE-49 memory or actual user system ex- 
ternal memory in 256-byte segments based on informa- 
tion provided by the user. 

Emulator Board 

The emulator board contains the 8049* and peripheral 
logic required to emulate the MCS-48 device in the user 
system. A software selectable 6 MHz or 3 MHz clock 
drives the emulated MCS-48 device. This clock can be 
disabled and replaced with a user supplied TTL clock in 
the user system. 



*Use 8048 with internal monitor program when emulating 8748/8048/ 
8035/8021. 
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Cable Card 

The cable card is included for cable driving. It transmits 
address and data bus information to the user system 
through a 40-pin connector which plugs into the user 
system in the socket designed for the MCS-48 device. 



Software 

The ICE-49 software driver is a RAM-based program 
which provides the user with an easy to use command 
language (see Table 1, Table 2, and Table 3) for defining 
breakpoints, initiating real-time emulation or single step 
operation, and interrogating and altering user system 
status recorded during emulation. The ICE-49 command 
language contains a broad range of modifiers to provide 
the user with maximum flexibility in defining the opera- 
tion to be performed. The ICE-49 software driver is 
available on diskette and operates in 32K of Intellec 
RAM memory. 



Command 


Operation 


Enable 

Go 

Step 

Interrupt 


Activates breakpoint and display regis- 
ters for use with go and step com- 
mands. 

Initiates real-time emulation and allows 
user to specify breakpoints and data 
retrieval. 

Initiates emulation in single instruction 
increments. Each step is followed by 
register dump. User may optionally 
tailor other diagnostic activity to his 
needs. 
Emulates user system interrupt. 



Command 


Operation 


Display 

Change 

Map 
Base 

Suffix 


Prints contents of memory, MCS''48 
device registers, I/O ports, flags, pin$, 
real-time trace data, symbol table; or 
other diagnostic data on list device. 
Alters contents of memory, register, 
output port, or flag. Sets or alters break- 
points and display registers. 
Defines memory status. 
Establishes mode of display for output 
data. 
Establishes mode of display input data. 



Table 2. ICE-49 Interrogation Commands 



Command 


Operation 


Load 


Fetches user symbol table and object 




code from input device. 


Save 


Sends user symbol table and object 




code to output device. 


Define 


Enters symbol name and value to user 




symbol table. 


Move 


Moves block of memory data to another 




area of memory. 


List 


Defines list device. 


Exit 


Returns program control to ISIS-II. 


Evaluate 


Converts expression to equivalent 




values in binary, octal, decimal, and 




hex. 


Remove 


Deletes symbols from symbol table. 


Reset 


Reinitializes ICE-49 hardware. 



Table 1. ICE-49 Emulation Commands 



Table 3. ICE-49 Utility Commands 



SPECIFICATIONS 

ICE-49 Operating Environment 

Required Hardware 

Intellec microcomputer development system 

System console 

intellec diskette operating system 

ICE-49 Module 

Required Software 

System monitor 

ISIS-II 

Equipment Supplied 

Printed circuit boards (control board, emulator board) 

Interface cables and buffer module 

ICE-49 software, diskette-based version (single density 

or double density) 

8048 with internal monitor program 



System Clock 

Crystal controlled 6.0 MHz internal, 3.0 MHz internal or 
user supplied TTL external: software selectable. 



Physical Characteristics 

Width - 12.00 in. (30.48 cm) 
Height — 6.75 in. (17.15 cm) 
Depth — 0.50 in. (1.27 cm) 
Weight — 8.00 lb. (3.64 kg) 

Electrical Characteristics 

DC Power Requirements 

Vcc = + 5V ± 5% 

\qq = 10A max; 7.0 A typ 

Vdd = +12V ±5% 

JDD = 79 mA max; 45 mA typ 

Vbb = -10V ±5% 

Ibb = 20 mA max 
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Input Impedance — @ ICE-49 user socket pins: 



V|L = 0.8V (max), 
V|H = 2.0V (min), 

For Bus: 

V,L = 0.8V (max), 

V,H = 2.0V (min), 



l|H 
l|L = 

l|H = 



-1.6 mA, 
40 mA 

-250 mA 
20 mA 



Output Impedance — @ ICE-49 user socket pins: 

P1, P2: 

Vol = 0.5V (max), Iql = 16 mA 

VoH = Vcc(IOKpullup) 

For Bus: 

Vol = 0.5V (max), Iql = 25 mA 

Vqh = 3.65V (min), Iqh = -1 mA 

Others: 

Vol = 0.5V (max), Iol = 16 mA 

VoH = 2.4V (max), Ioh = -400 ^A 



Environmental Characteristics 

Operating Temperature — O^C to 40 *C {Room Tem- 
perature) 

Operating Humidity — Up to 95% relative humicttty 
without condensation 



Reference IVIanuals 

9800632 - ICE-49 Operator's Manual (SUPPLIED) 

Reference manuals are shipped with each product only 
if designated SUPPLIED (see above). Manuals may be 
ordered from any Intel sales representative, distributor 
office or from Intel Literature Department, 3065 Bowers 
Avenue, Santa Clara, California 95051. 



ORDERING INFORMATION 



Part Number 

MDS-49-ICE 



MDS-498 



Description 

8049, 8048, 8039, 8748, 8035, 8021 
CPU in-circuit emulator. Cable 
assembly and interactive diskette 
software included 

Assembled kit to upgrade ICE-48 to 
ICE-49 capability. ICE-49 emulator 
board, 8049/8048 CPU components 
with internal monitor program, 
ICE-49 firmware and diskette soft- 
ware included. 
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ICE-80 
8080 IN-CIRCUIT EMULATOR 



Connects Intellec system to user con- 
figured system via an external cable and 
40-pin plug, replacing the user system 
8080 

Allows real-time (2 MHz) emulation of 
user system 8080 

Shares Intellec RAM, ROM, and PROM 
memory and Intellec I/O facilities with 
user system 

Checks for up to three hardware and four 
software break conditions 

Offers full symbolic debugging 
capabilities 



Eliminates need for extraneous debug- 
ging tools residing in user system 

Provides address, data, and 8080 status 
information on last 44 machine cycles 
emulated 

Provides capability to examine and alter 
CPU registers, main memory, pin, and 
flag values 

Integrates hardware and software 
development efforts 

Available in diskette or paper tape 
versions 



The Intellec ICE-80 8080 In-Circuit Emulator is an Intellec resident module designed to interface with any user con- 
figured 8080 system. With ICE-80 as a replacement for a prototype system 8080, the designer may emulate the 
system's 8080 in real time, single step the system's program, and substitute Intellec memory and I/O for user system 
equivalents. Powerful Intellec debug functions are extended into the user system. For the first time the designer may 
examine and modify his system with symbolic references instead of absolute values. 
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FUNCTIONAL DESCRIPTION 

Integrated Hardware/Software Development 

Use of the ICE-80 module enables the system integra- 
tion phase, which can be so costly and frustrating when 
attempting to mesh completed hardware and software 
products, to become a convenient two-way debug tool 
when begun early in the design cycle. The user proto- 
type need consist of no more than an 8080 CPU socket 
and a user bus to begin integration of software and hard- 
ware development efforts. With the ICE-80 mapping 
capabilities, system resources may be accessed for 
missing prototype hardware. Hardware designs may be 
tested using system software to drive the final product. 
A functional block diagram of the ICE-80 module is 
shown in Figure 1. 

Symbolic Debugging Capability 

ICE-80 provides for user-defined symbolic references to 
program memory addresses and data. Symbols may be 
substituted for numeric values in any of the ICE-80 com- 
mands. The user Is thus relieved from looking up 
addresses of variables or program subroutines. 

Symbol Table — The user symbol table generated along 
with the object file during a PUM compilation or a 
MAC80 or resident assembly. Is loaded to memory along 
with the user program to be emulated. The user may add 
to this symbol table any additional symbolic values for 
memory addresses, constants, or variables found useful 



during system debugging. By referring to symbolic 
memory addresses, the user may be assured of examin- 
ing, changing, or breaking at the Intended location. 

Symbolic Reference — ICE-80 provides symbolic defini- 
tion of all 8080 registers, flags, and selected pins. The 
following symbolic references are also provided for user 
convenience: TIMER, a 16-bit register containing the 
number of \2 clock pulses elapsed during emulation; 
ADDRESS, the address of the last Instruction emulated; 
INTERRUPTENABLED, the user 8080 Interrupt mechan- 
ism status; and UPPERLIMIT, the highest RAM address 
occupied by user memory. 

Debug Capability Inside User System 

ICE-80 provides for user debugging of full prototype or 
production systems without Introducing extraneous 
hardware or software test tools. ICE-80 connects to the 
user system through the socket provided for the user 
8080 in the user system (See Figure 2). Intellec memory 
is used for the execution of the ICE-80 software, while 
I/O provides the user with the ability to communicate 
with ICE-80 and receive Information on the generation of 
the user system. A sample ICE-80 debug session is 
shown in Figure 3. 

I/O Mapping and Memory 

Memory and I/O for the user system may be resident In 
the user system or "borrowed" from the Intellec system 
through ICE-80's mapping capability. 
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Figure 1. Functional Block Diagram of ICE-80 Module 
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Figure 2. ICE-80 Module Installed in User System 

Memory Blocking — ICE-80 separates user memory into 
16 4K blocks. User I/O Is divided Into 16 16-port blocks. 
Each block of memory or I/O may be defined Independ- 
ently. The user may assign system equivalents to take 
the place of devices not yet designed for the user sys- 
tem during prototyping. In addition, memory or I/O may 
be accessed In place of user system devices during pro- 
totype or production checkout. 

Error Messages — The user may also designate a block 
of memory or I/O as nonexistent. ICE-80 issues error 
messages when memory or I/O designated as nonexist- 
ing is accessed by the user program. 

Real-Time Trace 

ICE-80 captures valuable trace information while the 
user is executing programs in real time. The 8080 status, 
the user memory or port addressed, and the data read or 
written (snap data), is stored for the last 44 machine 
cycles executed. This provides ample data for determin- 
ing how the user system was reacting prior to emulation 
break. It Is available whether the break was user initi- 
ated or the result of an error condition. For detailed 
Information on the actions of CPU registers, flags, or 
other system operations, the user may operate in single 
or multiple step sequences tailored to system debug 
needs. 

Hardware 

The heart of the ICE-80 is a microcomputer system uti- 
lizing Intel's 8080 microprocessor as its nucleus. This 
system communicates with the Intellec host processor 
via I/O commands. Host processor commands and 
ICE-80 status are interchanged through registers on the 



ICE-80 trace board. ICE-80 and the system also commu- 
nicate through a control block resident in the Intellec 
main memory, which contains detailed configuration 
and status information transmitted at an emulation 
break. ICE-80 hardware consists of two PC boards — the 
processor and trace boards residing in the Intellec chas- 
sis — and a 6-foot cable interfacing to the user system. 
The trace and processor boards communicate with the 
system on the bus, and also with each other on a separ- 
ate ICE-80 bus. ICE-80 connects to the user system 
through a cable that plugs directly into the socket 
provided for the user's 8080. 

Trace Board 

The trace board talks to the system as a peripheral 
device. It receives commands to ICE-80 and returns 
ICE-80. responses. While ICE-80 is executing the user 
program, the trace board collects data for each machine 
cycle emulated (snap data). The Information is continu- 
ously stored in high-speed bipolar memory. 

Breakpoint — The trace board also contains two 24-bit 
hardware breakpoint registers which can be loaded by 
the user. While in emulation mode, a hardware comparl- 
tor is constantly monitoring address and status jines for 
a match to terminate an emulation. A user pro^e is also 
available for attachment to any user signal. When this 
signal goes true a break condition is recognized. 

Interrogation —• The trace board signals the processor 
board when a command to ICE-80 or break condition has 
been detected. The ICE-80 CPU then sends data stored 
on the trace board to the control block in memory. Snap 
data, along with information on 8080 registers and pin 
status and the reason for the emulation break, are then 
available for access during interrogation mode. Error 
conditions, if present, are transmitted and automatically 
displayed for the user. 

Processor Board 

An 8080 CPU resides on the processor board. During 
emulation It executes instructions from the user's pro- 
gram. At all other times it executes instructions from 
the control program in the trace module's ROM. 

Timing — The processor board contains an internal 
clock generator to provide clocks to the user emulation 
CPU at 2 MHz. The CPU can alternately be driven by a 
clock derived from user system signal lines. The clock 
source is selected by a jumper option on the board. A 
timer on the trace board counts the <j>2 clock pulses dur- 
ing emulation and can provide the user with the exact 
timing of the emulation. 

On/Off Control — The processor board turns on an emu- 
lation when ICE-80 has received a run command from 
the system. It terminates emulation when a break condi- 
tion is detected on the trace board, or the user's pro- 
gram attempts to access memory or I/O ports 
designated as nonexistent in the user system, or the 
user 8080 is inactive for a quarter of a second. 

Status Storage — The address map located on the proc- 
essor board stores the assigned location of each user 
memory or I/O block. During emulation the processor 
board determines whether to send/receive information 
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ISIS 8080 MACROASSEMBLER, V1.0 





;USER PROGRAM TO OUTPUT A SERIES OF 
;CHARACTERS TO SDK-80 CONSOLE DEVICE 


1320 




ORG 


1320H 




01 E3 


CO 


EQU 


1E3H 


;SDK-80 CONSOLE OUT DRIVER 


1320 0601 


START: 


MVI 


B,1 


;SET UP B VALUE 


1322 3A3613 




LDA 


DAT1 


;LOAD A WITH DAT1 VALUE 


135 4F 


LOOP: 


MDV 


C,A 




1326 CDE301 




CALL 


CO 


;SEND C VALUE TO CONSOLE 


1329 79 




MOV 


A,C 


;RESTORE A 


132 A 93 




see 


B 


;SUBTRACT B FROM A 


132B 323713 




STA 


RSLT 


;STORE RESULT IN RSLT 


132E FE40 




CPI 


40H 


;LAST VALUE TO PRINT 


1330 C22513 




JNZ 


LOOP 


;LOOP AGAIN IF A>40H 


1333 C32013 




JMP 


START 


;ELSE RESTART WHOLE PROCEDURE 


1336 5A 


DAT1: 


DB 


5AH 




1337 


RSLT: 


DS 


1 




0000 




END 







® 



ISIS, VI .0 INITIAL ICE-80 SESSION 

-ICE80 (Note: The SDK-80 Monitor has already been used to initialize the SDK-80 Board) 

ISIS ICE-80, VI .0 
•*XFORM MEMORY TO 1 U 

*XFORM 10 OFH U 

* LOAD PROG. HEX 

ERR = 067 

STAT=11H TYPE = 06H CMND = 07H ADDR = 1320H GOOD = 06H BAD = 04H 

•CHANGE MEMORY 1321H = FFH 

ERR = 067 

STAT = 11H TYPE = 06H CMND = 07H ADDR = 1321H GOOD = FFH BAD = FDH 

•LOAD PROG. HEX 
(3) *G0 FROM START UNTIL RSLf WRITTEN 

EMULATION BEGUN 
ERR = 067 

STAT = 11H TYPE = 07H CMND = t^2H 
(D 'DISPLAY CYCLES 5 

STAT = A2H ADDR = 1326H DATA = CDH 
STAT = 82H ADDR = 1 327H DATA = Ei»H 
STAT = 82H ADDR = 1328H DATA = 01K( 
STAT = 04H ADDR = FFFFH DATA = 13^^ 
STAT = 04H ADDR = FFFEH DATA = 29H y 

(6) *CHANGE DOUBLE REGISTER SP = 13FF^W 
•BASE HEX 
•EQUATE STOP = 1333H 

(7) "GO FROM START UNTIL STOP EXECUTED THEN DUMP 
EMULATION BEGUN ' 

B = 01H C = 41H D = OOH E = 00H H = OOH L = 00H F = 56H A = 40H P = 1320H * 
EMULATION TERMINATED AT 1333H 

(8) •EXIT 
•FFFF 

Notes 

1. Set up user memory and I/O. The program is set up to execute in block 1 (1000H-1FFFH) of user memory, and requires access to the SDK-80 
monitor (blocl< 0) and I/O ports in blocl< OFH. Both ports and memory are defined as available to the user system. All other memory and I/O is initial- 
ized by ICE-80 as nonexistent (guarded). 

2. A load command generates an error. The type and command numbers indicate that a data mismatch occurred on a write to memory command. 
The data to be written to address 1320H should have been 06H. When ICE-80 read the data after writing it, a 04H was detected. A change command 
to a different memory address hints that bit 1 does not go to 1 anywhere in this memory block. Examination indicates that a pin was shorted on the 
RAM located at 1300H-13FFH in the prototype system. The problem is fixed and a subsequent load succeeds. 

3. A real-time emulation is begun. The program is executed from 'START' (1320H) and continues until 'RSLT is written [in location 1328H, the con- 
tents of the accumulator is stored in (written into) 'RSLT']. 

4. An error condition results: TYPE 07, CMND 02 indicate the program accessed is a guarded area. 

5. The last 5 machine cycles executed are displayed. The last instruction executed was a call (CDH). The fourth and fifth cycles are a push opera- 
tion (designated by status 04H) to store the program counter before executing the call. The stack pointer was not initialized in the program and is ac- 
cessing memory location FFFFH. 

6. After making a note to initialize the stack pointer in the next assembly, a temporary fix is effected by setting the stack pointer to the top of user 
available memory. ^ 

7. After setting the base for displays to hex and adding the symbol 'STOP' to the symbol table, emulation is started which will terminate when the 
Instruction at 1333H ('STOP') is executed. When emulation terminates, a dump of the contents of user 8080 registers is requested. One can see that 
the value of the accumulator is set at 40H, the stack pointer is set at 13FFH, the last address executed (*) is 1333H, and the program counter has 
been set to 1320H. 

8. Exit returns control to the MDS monitor. 



= 1333HS = 13FFH 



Figure 3. Sample iCE-80 Debug Session 
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on the Intellec or user bus by consulting the address 
map. The processor board allows the ICE-80 CPU to gain 
access to the bus as a master to "borrow" Intellec facili- 
ties. At an emulation break, the processor board stores 
the status of specified 8080 input and output signals, 
disables all interaction with the user bus, and com- 
mands the trace board to send stored information to a 
control block in Intellec memory for access during inter- 
rogation mode. 

Cable Card 

The cable card is included for cable driving. It transmits 
address and data bus information to the user system 
through a 40-pin connector that plugs into the user sys- 
tem in the socket designed for the 8080 when enabled 
by the processor module's user bus control logic. 

Software 

The ICE-80 software driver (ICE80SD) is a RAM-based 
program providing easy to use English language com- 
mands for defining breakpoints, initiating emulation, 
and interrogating and altering the user system status 
recorded during emulation. ICE-80 commands are con- 



figured with a broad range of modifiers to provide the 
user with maximum flexibility in describing the opera- 
tion to be performed. Listings of emulation commands, 
interrogation commands, and utility commands are pro- 
vided in Table 1, Table 2, and Table 3, respectively. 



Command 


Operation 


Base 


Establishes mode of display for output 




data. 


Display 


Prints contents of memory, 8080 regis- 




ters, input ports, 8080 flags, 8080 pins. 




snap data, symbol table, or other diag- 




nostic data on list device. May also be 




used for base-to-base conversion, or for 




addition or subtraction in any base. 


Change 


Alters contents of memory, register, out- 




put port, or 8080 flag. 


XFORM 


Defines memory and I/O status. 


Search 


Looks through memory range for speci- 




fied value. 



Table 2. ICE-80 Interrogation Commands 



Command 


Operation 


Go 
Step 

Range 

Continue 
Call 


Initiates real-time emulation and allows 
user to specify breakpoints, data retrieval, 
and conditions under which emulation 
should be reinitiated. 

Initiates emulation in single or multiple 
instruction increments. User may specify 
register dump or tailor diagnostic activ- 
ity to his needs following each step, and 
define conditions under which stepping 
should continue. 

Delimits blocks of instructions for which 
register dump or tailored diagnostics are 
to occur. 

Resumes real-time emulation. 

Emulates user system interrupt. 



Command 


Operation 


Load 


Fetches user symbol table and object 




code from input device. 


Save 


Sends user symbol table and object code 




to output device. 


Equate 


Enters symbol name and value to user 




symbol table. 


Fill 


Fills memory range with specified value. 


Move 


Moves block of memory data to another 




area of memory. 


Timeout 


Enables/disables user CPU Va second 




wait state timeout. 


List 


Defines list device (diskette-based ver- 




sion only). 


Exit 


Returns program control to monitor. 



Table 1. ICE-80 Emulation Commands 



Table 3. ICE-80 Utility Commands 



SPECIFICATIONS 

Paper Tape-Based ICE80SD 
Operating Environment 
Required Hardware 

Intellec system 
System console 
Reader device 
Punch device 
ICE-80 

Required Software 
System monitor 



Diskette-Based ICE80SD 
Operating Environment 

Required Hardware 

Intellec system 

32K bytes RAM memory 

System console 

ISIS MOS floppy disk drive 

ICE-80 

Required Software 

System monitor 

ISIS-II Diskette Operating System 
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System Clock 

Crystal controlled 2.185 MHz ±0.01%. May be replaced 
by user clock through jumper selection. 

Connectors 

Edge Connector — CDC VPB01 E32A00A1 

Physical Characteristics 

Width — 12.00 in. (30.48 cnn) 
Height — 6.75 in. (17.15 cm) 
Depth — 0.50 in. (1.27 cm) 
Weight — 8.00 lb (3.64 kg) 

Electrical Characteristics 
DC Power Requirements 

Vcc= +5V, ±5% 

Ice = 9.81 A max; 6.90A typ 

Vdd= +12V, ±5% 

\qq=79 mA max; 45 mA typ 

Vbb= ~9V, ±5% 

Ibb= 1 rnA max; I^A typ 



Environmental Characteristics 

Operating Temperature — O'C to 40 ''C 

Operating Humidity — Up to 95% relative humidity 

without condensation 

Equipment Supplied 

Printed circuit modules (2) 
Interface cables and buffer board 
ICE-80 software driver, paper tape version 
(ICE-80 software driver, diskette-based version is sup- 
plied with diskette operating systems) 

Reference Manuals 

9800185 — ICE-80 Operator's Manual (SUPPLIED) 
9800556 — Intellec Series 11 Hardware Reference Man- 
ual (SUPPLIED) 

9800554 ■- Intellec Series II Schematic Drawings 
(SUPPLIED) 

Reference manuals are shipped with each product only 
if designated SUPPLIED (see above). Manuals may be 
ordered from any Intel sales representative, distributor 
office or from Intel Literature Department, 3065 Bowers 
Avenue, Santa Clara, California 95051. 



ORDERING INFORMATION 

Part Number Description 

MDS-80-ICE 8080 CPU in-circuit emulator, cable 

assembly and interactive software 
included 
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ICE-85 
MCS-85 IN-CIRCUIT EMULATOR 



Connects the Intellec system resources 
to the user configured system via a 
40-pin adaptor plug 

Executes user system software in real 
time 

Shares Intellec memory and I/O facilities 
with user system 

Provides 1023 states of 8085 trace data 
plus 18 additional logic signals via exter- 
nal trace module 

Offers full symbolic debugging capability 
for both assembly language and Intel's 
high level compiler language, PL/M-80 



Displays trace data from user's 8085 in 
assembler mnemonics and allows person- 
ality groupings of data sampled by exter- 
nal 18-channel trace module 



Extends ICE capabilities to prototype 
system peripheral circuitry by allowing 
user to execute peripheral chip analysis 
routines 



Provides ability to examine and alter 
MCS-85 registers, memory, flag values, 
interrupt bits, and I/O ports 



The ICE-85 MCS-85 In-Clrcuit Emulator is an Intellec resident module designed to interface with any user configured 
8085 system. In addition, an external trace module provides access to user system peripheral circuitry via a user con- 
figured DIP clip for peripheral ICs or may be attached to as many as 18 separate prototype signal nodes via individual 
probe clips. Using the ICE-85 module, the designer may execute prototype software in real time or single step mode 
and may substitute Intellec system memory and I/O for their user system equivalents. ICE capability may be extended 
to the remaining user system peripheral circuitry by allowing the user to create and execute a library of user defined 
peripheral chip analyzer routines. All user access to the prototype system software may be done symbolically by 
assigning names to program locations and data, I/O ports, and groups of external trace signals. For the first time, in- 
ciruit emulation extends beyond a user prototype CPU to the entire user system, allowing in-system emulation. 
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SYMBOLIC DEBUGGING CAPABILITY 

ICE-85 allows the user to make symbolic references to I/O 
ports, memory addresses and data in his program. Symbols 
and PL/M statement number may be substituted for numer- 
ic values in any of the ICE-85 commands. The user is re- 
lieved from looking up addresses of variables or program 
subroutines. 

The user symbol table generated along with the object file 
during a PL/M-80 compilation or by the ISiS-ll 8080/8085 
Macro Assembler is loaded into the I ntellec® System mem- 
ory along with the user program which is to be emulated. 
The user may add to this symbol table any additional 
symbolic values for memory addresses, constants, or vari- 
ables that are found useful during system debugging. By 
referring to symbol memory addresses, the user can exam- 
ine, change or break at the intended location. 

ICE-85 provides symbolic definition of all 8085 registers, 
interrupt bits and flags. The following symbolic references 
are also provided for user convenience: TIMER, the low- 
order 16 bits of a register containing the number of 2 MHz 
clock pulses elapsed during emulation; HTIMER, the high- 
order 16 bits of the timer counter; PPC, the address of the 
last instruction emulated; BUFFERSIZE, the number of 
frames of valid trace data (between and 1022). 



PERSONALITY GROUPED DISPLAYS 

Trace data in the 1023 by 42-channe! real-time trace mem- 
ory buffer is displayed in easy to read format. The user has 
the option to specify trace data displays in actual 8085 
assembler instruction mnemonics. The data collected from 
the External Trace Module can be grouped and symbolic- 
ally named according to user specifications and displayed in 
the appropriate number base designation. Simple ICE-85 
commands allow the user to select any portion of the 42K- 
bit trace buffer for immediate display. 



INTEGRATED HARDWARE/SOFTWARE 
DEVELOPMENT 

The user prototype need consist of no more than an 8085 
CPU socket and a user bus to begin integration of software 
and hardware development efforts. Through ICE-85 map- 
ping capabilities, Intellec® System equivalents can be 
accessed for missing prototype hardware. Hardware designs 
can be tested using the system software which will drive the 
final product. 

The system integration phase, which can be so costly when 
attempting to mesh completed hardware and software 
products, becomes a convenient two-way debug tool when 
begun early in the design cycle. 




MEMORY AND I/O MAPPING 

Memory and I/O for the user system can be resident in the 
user system or "borrowed" from the Intellec® System 
through ICE-85's mapping capability. 

ICE-85 separates user memory into 32 2K blocks. Each 
block of memory can be defined independently. The user 
may assign Intellec® System equivalents to take the place 
of devices not yet designed for the user system during pro- 
totyping. In addition, Intellec® System memory or I/O can 
be accessed in place of suspect user system devices during 
prototyping or production checkout. 

The user can also designate a block of memory or I/O as 
nonexistent. ICE-85 issues error messages when memory 
or I/O designated as nonexistent is accessed by the user 
program. 



TYPICAL ICE INTERROGATION AND 
UTILITY COMMANDS 

DISPLAY/ Display/Changes the values of symbols and 
the contents of 8085 registers, pseudo- 
registers, status flags, interrupt bits, I/O ports 
and memory. 

Displays the value of an expression in the 
binary, octal, decimal or hexadecimal. 

Searches user memory between locations in a 
user program for specified contents. 

Emulates a procedure starting at a specified 
memory address in user memory. 

Executes a user-supplied procedure starting at 
a specified memory address in the Intellec® 
System memory. 

Saves emulated program registers and emu- 
lates a user-supplied subroutine to access 
peripheral chips in the user's system. 



CHANGE 



EVALU- 
ATE 

SEARCH 



CALL 



ICALL 



EXECUTE 



12-68 



MCS-85^^ IN-CIRCUIT EMULATOR 



REAL TIME TRACE 

ICE-85 captures valuable trace information from the emu- 
lating CPU and the External Trace Module while the user is 
executing programs in real time. The 8085 status, the user 
memory or port addressed, the data read or written, the 
serial data lines and data from 18 external signals, is stored 
for the last 1023 machine states executed (511 machine 
cycles). This provides ample data for determining how the 
user system was reacting prior to emulation break. It is 
available whether the break was user-initiated or the result 
of an error condition. 

For detailed information on the actions of CPU registers, 
flags, or other system operations, the user may operate in 
single or multi-step sequences tailored to system debug 
needs. 



EXTERNAL TRACE MODULE 

TTL level signals from 18 points in the user system may be 
synchronously sampled by the External Trace Module and 
collected in ICE-85's trace buffer. The signals can be col- 
lected from a single peripheral chip via the supplied 40-pin 
DIP clip or may be placed by the user on up to 18 separate 
signal nodes using the supplied 18 individual probe clips. 
These signals are included in the 42-channel breakpoint 
comparisons and clock qualifiers. Also, data from these 
18 channels may be displayed in each to read, user-defined 
groupings. 




SYNCHRONOUS OPERATION WITH OTHER DESIGN 
AIDS 

ICE-85 can be synchronized with other Intellec® design 
aids by means of two external synchronization lines. These 
lines are used to enable and disable ICE-85 trace data 
collection and to cause break conditions based on an 
external signal which may not be included in the ICE-85 
breakpoint registers. In addition, ICE-85 can generate sig- 
nals on these lines which may be used to control other 
design aids. 



EMULATION CONTROLS AND COMMANDS 

GROUP Defines into a symbolically named group, a 

channel or combination of channels from the 
8085 Microcprocessor and/or the External 
Trace Module. 

GO Initiates real-time emulation and controls 

emulation break conditions. 

STEP Initiates emulation in single instruction steps. 

User may specify the type and amount of 
information displayed following each step, 
and define conditions under which stepping 
should continue. 

PRINT Prints the user-specified portion of the trace 

memory to the selected list device. 



BREAK REGISTERS/TRACE MEMORY 

ICE-85 has two breakpoint registers which are used to 
break emulation, and two trace qualifier registers which are 
used to control the collection of trace data during emula- 
tion. Each register is 42 entries wide, one entry for each 
channel and each entry can take any one of the three values 
0, 1 or "don't care". 

The trace buffer, also 42 entries wide, collects data sampled 
from 24 8085 processor channels and 18 external channels 
sampled by the External Trace Module. The signals col- 
lected from the 8085 include address lines, data lines, status 
lines and serial input and output lines. The 18 channels 
extending from the External Trace Module synchronously 
sample and collect into the trace buffer any user-specified 
TTL compatible signal from the rest of the prototype 
system. "Break" and "trace qualification" may therefore 
occur as a result of a match of any combination of up to 42 
channels of CPU and external circuitry signals. 
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ICE-85 CONTROL BOARD 
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Figure 1. Functional Blocl( Diagram of ICE-85 Module 



SPECIFICATIONS 

[CE-85 Operating Environment 

Required Hardware 

Intellec microcomputer development system 

System console 

Intellec diskette operating system 

ICE-85 module 

Required Software 

System monitor 

ISIS-II 



lcc=12A max; 10A typ 

Vdd= +12V±5% 

Idd = 80 fTiA max; 60 mA typ 

VbB= -10V ±5% 

Ibb = 30 mA max; 10 iJK typ 



Environmental Characteristics 

Operating Temperature — 0" to 40 °C 

Operating Humidity — Up to 95% relative humidity with- 
out condensation. 



Emulation Clock 

User's system clock or ICE-85 adaptor socket (6.144 
MHz crystal) 

Physical Characteristics 

Width — 12.00 in. (30.48 cm) 
Height — 6.75 in. (17.15 cm) 
Depth — 0.50 in. (1.27 cm) 
Paclcaged Weight — 6.00 lb (2.73 kg) 

Electrical Characteristics 
DC Power Requirements 

Vcc= +5V±5% 



Equipment Supplied 

18-channel external trace module 
Printed circuit boards (2) 
Interface cable and emulation buffer module 
ICE-85 software, diskette-based version 

Reference Manuals 

9800463 — ICE-85 Operator's Manual (SUPPLIED) 

Reference manuals are shipped with each product only 
If designated SUPPLIED (see above). Manuals may be 
ordered from any Intel sales representative, distributor 
office or from Intel Literature Department, 3065 Bowers 
Avenue, Santa Clara, California 95051. 



ORDERING INFORMATION 

Part Number Description 

MDS-85-ICE 8085 CPU in-circuit emulator and 

18-channel external trace module 
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8086 INCIRCUIT EMULATOR 



Hardware in-circuit emulation 

Full symbolic debugging 

Breakpoints to halt emulation on a wide 
variety of conditions 

Comprehensive trace of program execu- 
tion, both conditional and unconditional 

Disassembly of trace or memory from 
object code into assembler mnemonics 



2K bytes of high speed ICE-86 mapped 
memory 

Software debugging with or without user 
system 

Handles full 1 megabyte addressability of 
8086 

Compound commands 

Command macros 



The ICE-86 module provides In-Circuit Emulation for the 8086 microprocessor and the iSBC 86/12 Single Board Com- 
puter. It includes three circuit boards which reside in Intellec Microcomputer Development Systems. A cable and buf- 
fer box connect the Intellec system to the user system by replacing the user's 8086. Powerful Intellec debug functions 
are thus extended into the user system. Using the ICE-86 module, the designer can execute prototype software in con- 
tinuous or single-step mode and can substitute blocks of Intellec system memory for user equivalents. Breakpoints 
allow the user to stop emulation on user-specified conditions, and the trace capability gives a detailed history of the 
program execution prior to the break. All user access to the prototype system software may be done symbolically by 
referring to the source program variables and labels. 
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INTEGRATED HARDWARE/SOFTWARE 
DEVELOPMENT 

The ICE-86 emulator allows hardware and software 
development to proceed interactively. This is more ef- 
fective than the traditional method of independent hard- 
ware and software development followed by system In- 
tegration. With the ICE-86 module, prototype hardware 
can be added to the system as it is designed. Software 
and hardware testing occurs while the product is being 
developed. 

Conceptually, the ICE-86 emulator assists three stages 
of development: 

1. It can be operated without being connected to the 
user's system, so ICE-86 debugging capabilities can 
be used to facilitate program development before any 
of the user's hardware is available. 

2. Integration of software and hardware can begin when 
any functional element of the user system hardware 
is connected to the 8086 socket. Through ICE-86 
mapping capabilities, Intellec memory, ICE memory, 
or diskette memory can be substituted for missing 
prototype memory. Time-critical program modules 
are debugged before hardware implementation by us- 
ing the 2K-bytes of high-speed ICE-resident memory. 
As each section of the user's hardware is completed, 
it is added to the prototype. Thus each section of the 
hardware and software is "system" tested as it 
becomes available. 

3. When the user's prototype is complete, it is tested 
with the final version of the user system software. 
The ICE-86 module is then used for real time emula- 
tion of the 8086 to debug the system as a completed 
unit. 

Thus the ICE-86 module provides the user with the abil- 
ity to debug a prototype or production system at any 
stage in its development without introducing 
extraneous hardware or software test tools. 



SYMBOLIC DEBUGGING 

Symbols and PL/M statement numbers may be 
substituted for numeric values in any of the ICE-86 com- 
mands. This allows the user to make symbolic refer- 
ences to I/O ports, memory addresses, and data in the 
user program. Thus the user need not remember the ad- 
dresses of variables or program subroutines. 

Symbols can be used to reference variables, proce- 
dures, program labels, and source statements. A vari- 
able can be displayed or changed by referring to it by 
name rather than by its absolute location in memory. 
Using symbols for statement labels, program labels, and 
procedure names simplifies both tracing and breakpoint 
setting. Disassembly of a section of code from either 
trace or program memory into its assembly mnemonics 
is readily accomplished. 

Furthermore, each symbol may have associated with it 
one of the data types BYTE, WORD, INTEGER, 
SINTEGER (for short, 8-bit integer) or POINTER. Thus 
the user need not remember the type of a source pro- 
gram variable when examining or modifying it. For 
example, the command "!VAR" displays the value In 
memory of variable VAR in a format appropriate to its 
type, while the command "!VAR= !VAR-i- 1" increments 
the value of the variable. 

The user symbol table generated along with the object 
file during a PL/M-86 compilation or an ASM-86 
assembly is loaded into memory along with the user pro- 
gram which is to be emulated. The user may add to this 
symbol table any additional symbolic values for memory 
addresses, constants, or variables that are found useful 
during system debugging. 

The ICE-86 module provides access through symbolic 
definition to all of the 8086 registers and flags. The 
READY, NMI, TEST, HOLD, RESET, INTR, and MN/MX 
pins of the 8086 can also be read. Symbolic references 
to key ICE-86 emulation information are also provided. 
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Figure 1. ICE-86 Block Diagram 
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A typical ICE-86 development configuration. It is based on an MDS-230 Development System, which also includes an 
MDS-DDS Double Density Diskette Operating System and an iyiDS-201 Expansion Chassis (which holds the ICE-86 
emulator). The ICE-86 module is shown connected to a user prototype system, in this case, an SDK-86. 



MACROS AND COMPOUND COMMANDS 

The ICE-86 module provides a programmable diagnostic 
facility which allows the user to tailor its operation us- 
ing macro commands and compound commands. 

A macro is a set of ICE-86 commands which is given a 
single name. Thus, a sequence of commands which is 
executed frequently may be invoked simply by typing in 
a single command. The user first defines the macro by 
entering the entire sequence of commands which he 
wants to execute. He then names the macro and stores 
it for future use. He executes the macro by typing its 
name and passing up to ten parameters to the com- 
mands in the macro. Macros may be saved on a disk file 
for use in subsequent debugging sessions. 

Compound commands provide conditional execution of 
commands(IF), and execution of commands until a con- 
dition is met or until they have been executed a 
specified number of times (COUNT, REPEAT). 

Compound commands and macros may be nested any 
number of times. 

MEMORY MAPPING 

Memory for the user system can be resident in the user 
system or "borrowed" from the Intellec System through 
ICE-86's mapping capability. 

The ICE-86 emulator allows the memory which is ad- 
dressed by the 8086 to be mapped in 1K-byte blocks to: 

1. Physical memory in the user's system, 

2. Either of two 1K-byte blocks of ICE-86 high speed 
memory, 

3. Intellec memory, 

4. A random-access diskette file. 

The user can also designate a block of memory as non- 
existent. The ICE-86 module issues an error message 
when any such "guarded" memory is addressed by the 
user program. 



Command 


Description 


GO 
STEP 


Initializes emulation and allows the 
user to specify the starting point 
and breakpoints. Example: 

GO FROM .START TILL .DELAY 
EXECUTED 

where START and DELAY are state- 
ment labels. 

Allows the user to single-step 
through the program. 



Table 1. Summary of ICE-86 Emulation Commands 



OPERATION MODES 

The ICE-86 software is a RAM-based program that pro- 
vides the user with easy-to-use commands for initiating 
emulation, defining breakpoints, controlling trace data 
collection, and displaying and controlling system 
parameters. ICE-86 commands are configured with a 
broad range of modifiers which provide the user with 
maximum flexibility in describing the operation to be 
performed. 

Emulation 

Emulation commands to the ICE-86 emulator control the 
process of setting up, running and halting an emulation 
of the user's 8086. Breakpoints and tracepoints enable 
ICE-86 to halt emulation and provide a detailed trace of 
execution in any part of the user's program. A summary 
of the emulation commands is shown in Table 1. 

Breakpoints — The ICE-86 module has two breakpoint 
registers that allow the user to halt emulation when a 
specified condition is met. The breakpoint registers may 
be set up for execution or non-execution breaking. An 
execution breakpoint consists of a single address 
which causes a break whenever the 8086 executes from 
its queue an instruction byte which was obtained from 
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the address. A non-execution breakpoint causes an 
emulation break when a specified condition other than 
an instruction execution occurs. A non-execution break- 
point condition, using one or both breakpoint registers, 
may be specified by any one of or a combination of: 

1. A set of address values. Break on a set of address 
values has three valuable features: 

a. Break on a single address. 

b. The ability to set any number of breakpoints within 
a limited range (1024 bytes maximum) of memory. 

c. The ability to break in an unlimited range. Execu- 
tion is halted on any memory access to an address 
greater than (or less than) any 20-bit breakpoint ad- 
dress. 

2. A particular status of the 8086 bus (one or more of: 
memory or I/O read or write, instruction fetch, halt, or 
interrupt acknowledge). 

3. A set of data values (features comparable to break on 
a set of address values, explained in point one). 

4. A segment register (break occurs when the register is 
used in an effective address calculation). 

An external breakpoint match output for user access is 
provided on the buffer box. This allows synchronization 
of other test equipment when a break occurs. 

Tracepoints — The ICE-86 module has two tracepoint 
registers which establish match conditions to condi- 
tionally start and stop trace collection. The trace infor- 
mation is gathered at least twice per bus cycle, first 
when the address signals are valid and second when the 
data signals are valid. If the 8086 execution queue is 
otherwise active, additional frames of trace are col- 
lected. 

Each trace frame contains the 20 address/data lines and 
detailed information on the status of the 8086. The trace 
memory can store 1,023 frames, or an average of about 
300 bus cycles, providing ample data for determining 
how the 8086 was reacting prior to emulation break. The 
trace memory contains the last 1,023 frames of trace 
data collected, even if this spans several separate 
emulations. The user has the option of displaying each 
frame of the trace data or displaying by instruction in ac- 
tual ASM-86 Assembler mnemonics. Unless the user 
chooses to disable trace, the trace information is 
always available after an emulation. 



Interrogation and Utility 

Interrogation and utility commands give the user con- 
venient access to detailed information about the user 
program and the state of the 8086 that is useful in 
debugging hardware and software. Changes can be 
made in both memory and the 8086 registers, flags, in- 
put pins, and I/O ports. Commands are also provided for 
various utility operations such as loading and saving 
program files, defining symbols and macros, displaying 
trace data, setting up the memory map, and returning 
control to ISIS-II. A summary of the basic interrogation 
and utility commands is shown in Table 2. 



Memory/Register Commands 

Display or change the contents of: 

• Memory 

• 8086 Registers 

• 8086 Status flags 

• 8086 Input pins 

• 8086 I/O ports 

• ICE-86 Pseudo-Registers (e.g. emulation timer) 

Memory Mapping Commands 

Display, declare, set, or reset the ICE-86 memory mapping. 

Symbol Manipulation Commands 

Display any or all symbols, program modules, and program 
line numbers and their associated values (locations in 
memory). 

Set the domain (choose the particular program module) for 
the line numbers. 

Define new symbols as they are needed in debugging. 

Remove any or all symbols, modules, and program 
statements. 

Change the value of any symbol. 
TYPE 

Assign or change the type of any symbol in the symbol table. 

ASM 

Disassemble user program memory into ASM-86 Assembler 
mnemonics. 

PRINT 

Display the specified portion of the trace memory. 
LOAD 

Fetch user symbol table and object code from the input file. 
SAVE 

Send user symbol table and object code to the output file. 

LIST 

Send a copy of all output (including prompts, input line 
echos, and error messages) to the chosen output device (e.g., 
disk, printer) as well as the console. 



Display the value of an expression in binary, octal, decimal, 
hexadecimal, and ASCII. 

SUFFIX/BASE 

Establish the default base for numeric values in input 
text/output display (binary, octal, decimal, or hexadecimal). 



Select the internal (ICE-86 provided, for stand-alone mode 
only) or an external (user-provided) system clock. 

RWTIMEOUT 

Allows the user to time out READ/WRITE command signals 
based on the time taken by the 8086 to access Intellec 
memory or diskette memory. 

ENABLE/DISABLE RDY 

Enable or disable logical AND of ICE-86 Ready with the user 
Ready signal for accessing Intellec memory, ICE memory, or 
diskette memory. 



Table 2. Summary of Basic iCE-86 Interrogation and 
Utility Commands 
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DIFFERENCES BETWEEN ICE-86 
EMULATION AND THE 8086 
MICROPROCESSOR 

The ICE-86 module emulates the actual operation of the 
8086 microprocessor with the following exceptions: 

• The ICE-86 module will not respond to a user system 
NMI or RESET signal when it is out of emulation. 

• Trap is ignored in single step mode and on the first in- 
struction step of an emulation. 

• The MIN/MAX line, which chooses the "minimum" or 
"maximum" configuration of the 8086, must not 
change dynamically in the user system. 

• In the "minimum" mode, the user HOLD signal must 
remain active until HLDA is output by the ICE-86 
emulator. 

• The RQ/GT lines in the "maximum" configuration are 
not supported. 

The speed of run emulation by the ICE-86 module 
depends on where the user has mapped his memory. As 
the user prototype progresses to include memory, 
emulation becomes real time. 



Memory 
Mapped To 


Estimated Speed 


User System 
ICE 

Intellec 
Diskette 


100% of real time*, up to 4 MHz 
clock 

2 wait states per 8086-controlled 
bus cycle 

Approximately 0.02% of real time 
at 4 MHz clock 


*100% of real time is emulation at the user system clock rate with 
no wait states. 
**The emulation speed from diskette is comparable to Intellec 
memory, but emulation must wait when a new page is accessed 
on the diskette. 



DC CHARACTERiSTrCS OF K^E-86 
USER CABLE 

1. Output Low Voltages (VoL(Max) = 0.4Vl 

loL(Min) 



AD0-AD15 


12 mA 
(24 mA @ 0.5V) 


A16/S3-A19/S7, BHE/S7, RD, 
LOCK,QS0,QS1,S0,S1,S2, 
WR, M/IO, DT/R, DEN, ALE, 
INTA 


8 mA 
(16 mA @ 0.5V) 


HLDA 


7 mA 


MATCHO OR MATCH1 (on 
buffer box) 


16 mA 


. Output High Voltages [Voh(M in) = 


= 2.4V1 

loH(Min) 


AD0-AD15 


- 3 mA 


A16/S3-A19/S7, BHE/S7, RD, 


- 2.6 mA 



LOCK, QSO, QS1,S0,S1, S2, 
WR, M /IO, DT/R, DEN, ALE, 
INTA 

HLDA 

MATCHO OR MATCH 1 (on 
buffer box) 

3. Input Low Voltages [V|L.(Max) = 0.8V] 



ADO- AD 15 
NMI, CLK 

READY 

INTRJHOLD, TEST, RESET 
MN/MX(0.1 fif toGND) 

Input High Voltages [V|H(Min) = 2.0V] 

AD0-AD15 
NMI, CLK 
READY 



- 3.0 mA 



- 0.8 mA 



l|L (Max) 



-0.2 mA 


-0.4 mA 


- 0.8 mA 


-1.4 mA 


-3.3 mA 


liH(Max) 



INTRJjOLD, TEST, RESET 
MN/MX(0.1 MFtoGND) 



80|L(A 

20 mA 

40 mA 

- 0.4 mA 

-1.1 mA 



RQ/GTO, RQ/GT1 are pulled up to + 5V through a 5.6K 
ohm resistor. No current is taken from user circuit at 
Vcc pin- 
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SPECIFICATIONS 

ICE-86 Operating Environment 

Required Hardware 

Intellec microcomputer development system with: 

1. Three adjacent slots for the ICE-86 module. (Series II 
requires MDS-201 Expansion Chassis). 

2. 64K bytes of Intellec memory. If user prototype pro- 
gram memory is desired, additional memory above 
the basic 64K is required. 

System console 

Intellec diskette operating system 

ICE-86 module 

Required Software 

System monitor 

ISIS-II, version 3.4 or subsequent 

ICE-86 software 

Equipment Supplied 

Printed circuit boards (3) 

Interface cable and emulation buffer module 

Operator's manual 

ICE-86 software, diskette-based 



Emulation Clock 

User system clock up to 4 MHz or 2 MHz ICE-86 Internal 
clock in stand-alone mode 

Physical Characteristics 

Printed Circuit Boards 

Width: 12.00 in (30.48 cm) 
Height: 6.75 in (17.15 cm) 
Depth: 0.50 in (1.27 cm) 
Packaged Weight: 9.00 lb (4.10 kg) 

Electrical Characteristics 

DC Power 

Vcc = +5V +5% -4% 

Ice = 15A maximum; 11A typical 

Vdd = +12V ±5% 

Idd = 120 mA maximum; 80 mA typical 

Vbb = - 10V ± 5% or - 12V ± 5% (optional) 

Ibb = 15 mA maximum; 12 mA typical 

Environmental Characteristics 

Operating Temperature: 0° to 40 ''C 
Operating Humidity: Up to 95% relative humidity with- 
out condensation. 



ORDERING INFORMATION 
Part Number Description 

MDS-86-ICE 8086 CPU in-circuit emulator 
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EM1 
8021 EMULATION BOARD 



EPROM functional equivalent of 8021 — 
single component 8-bit microcomputer 

Based on 8748 — user programmable/ 
erasable EPROM 8-bit computer 

Operates with ICE-49^'^ to provide full 
in-circuit debugging of 8021 prototype 
system 



Connects to prototype system through 
8021 pin compatible plug 

On-card 3.0 MHz or external TTL driven 
clock 

Portable 4" x 7" microcomputer circuit 
assembly 



The MDS-EM1 emulator board is a ready-to-use 4" x 7" microcomputer circuit assembly that emulates the Intel 8021 
microcomputer. A 12-inch flat-cable assembly connects the board to the 8021 socket in a prototype system. The board 
is designed so that it can be mounted either as a stand-alone unit or within the prototype assembly. 

The 8021 microcomputer has 1Kx8 mask programmable ROM program memory and 64x8 RAM data memory. The 
EMI is controlled by an Intel 8748, with IK of EPROM program memory and a 64-byte data memory. The EPROM can be 
programmed and erased repeatedly during hardware and software development. The EMI has several ancillary circuits 
that perform the following functions which are specific to the 8021: 

Zero crossing detector 
Crystal controlled clock/buffer 
Port simulator 

For prototype debugging, the 8748 can be removed from its socket and replaced with a cable to an Intel ICE-49. When 
used with the EMI, ICE-49 emulates the 8021 in real time, or single steps the 8021 program at the user's command. A 
full range of capabilities for examining and modifying 8021 memory and status are supplied through ICE-49. 
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HARDWARE 

The EM1 emulation board uses the 8748 to perform the 
emulation. 

PO Simulator 

Port of the 8021 Is a quasi-bidlrectionar port. The PO 
simulator converts the data bus of the 8748 Into a quasl- 
bidlrectional port. 

Crystal Control Clock Buffer 

The EM1 allows the user to select an on-board oscillator 
or a TTL clock driven from the 8021 user's prototype 
system via a Cambion Suitcase jumper. 



Jumper 

W1 



Position 

A-B 
C-D 



State 

On-Board 
External 
TTL Clock 



*A bidirectional port wliich serves as an input port, output port, or both, 
even though outputs are statically latched. 



Zero Cross Detection Simulator 

The zero cross detection simulator enables the 8748's 
T1 input to detect zero-crossings. The circuitry provides 
a high level signal on a positive crossing and a low level 
signal on a negative crossing of zero to the T1 input of 
the 8748. 

Reset Buffer 

The 8021 resets on a logic HIGH level signal. However, 
the 8748 resets on a logic LOW level, thus an inverter is 
provided on the MDS-EM1 to make the two chips com- 
patible. 

Optional Pull Ups 

Resistors are provided to simulate the optional pull-up 
resistors on T1 input and port of the 8021. A removable 
resistor pack Is used on port 0. The T1 input pull up can 
be installed by soldering in a 50K resistor. 



SOFTWARE 

When emulating the 8021 with EMI the user must 
observe the 8021 instruction set. 
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SPECIFICATIONS 
Operating Environment 

Stand-Aione Required Hardware 

EM1 emulation board 

In-Circuit Emulation Required Hardware 

EM1 emulation board 

Intellec Microcomputer Development System config- 
ured to support ICE-49 

Equipment Supplied 

EM1 printed circuit board 

12" long flat cable terminating in 28-pin plug, pin com- 
patible with 8021 
EMI Operator's Manual 

System Clock 

Crystal controlled 3.0 MHz on board or user supplied 
TTL external clock: hardware jumper selectable 



Physical Characteristics 

Width: 7.0 in. (17.78 cm) 
Height: 4.0 in. (10.16 cm) 
Depth: 0.75 in. (1.91 cm) 
Weight: <1.0lb(0.45 kg) 



Electrical Characteristics 

DC Power 

Vcc = 5V ±5% 
Ice = 300 mA (max) 



Environmental Characteristics 

Operating Temperature— O^C to 55 "C 
Operating Humidity— Up to 95% relative humidity with- 
out condensation 



ORDERING INFORMATION 
Part Number Description 

MDS-EM1 8021 Emulation Board 
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EM2 
8022 EMULATION BOARD 



Portable 4.25" x 2.75" microcomputer 
circuit assembly 

Connects directly into prototype system 
through Intel® 8022* pin compatible 
socket 



Provides Intel® 8755A — 2K x 8 EPROM 

EPROM functional and electrical 
equivalent of Intel® 8022 — single 
component 8-bit computer 



The EM2 emulator board is a ready-to-use 4.25" x 2.75" microcomputer circuit assembly that emulates the Intel® 8022 
single chip microcomputer. The emulator board is designed to plug directly into the 8022 socket. No interfacing and 
interconnection cables are necessary. Power is obtained from the user's system. 

The EM2 emulator board provides the user a full EPROM functional and electrical equivalent of the 8022 single compo- 
nent 8-bit microcomputer. 

The EM2 emulator board consists of an Intel® 8022 emulator chip and an Intel® 8755A, providing the EM2 emulator 
board with a 2Kx 8 EPROM program memory which can be programmed and erased repeatedly during hardware and 
software development. 

The 8022E emulator chip is a modified version of the 8022 intended for use in design support systems. Instead of 
using resident ROM memory as the 8022, the 8022E uses an external 2K EPROM 8755A memory for program storage, 
allowing easy program modification. 

*See Intel® 8022 Data Sheet. 



^'^S^EBTXT?*^ , Mi^' 
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40-PIN SOCKET CONFIGURATION 



EM2 BLOCK DIAGRAM 
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8022 EMULATOR CHIP 



□ PIN 1 

SQUARE SOLDER PAD 



PIN DESCRIPTION 



Desig- 
nation 



Pin# 



Function 



Vss 20 Circuit GND potential. 

Vcc 40 +5V circuit power supply. 

PROG 37 Output strobe for Intel® 8243 I/O ex- 

pander. 

P00-P07 10-17 8-bit open-drain port with comparator 
Port inputs. The switching threshold is set 

externally by Vjh- Optional pull-up re- 
sistors may be added via ROM mask 
selection. (The emulator board has 
switch selection of this option.) 



VjH 



9 Port threshold reference pin. 



P10-P17 25-32 8-bit quasi-bidirectional port. 
Port 1 

P20-P27 33-36 8-bit quasi-bidirectional port. 

Port 2 38-39 P20-P23 also serve as a 4-bit I/O ex- 
1-2 pander for Intel® 8243. 

TO 8 Interrupt input and input pin testable 

using the conditional transfer instruc- 
tions JTO and JNTO. Initiates an inter- 
rupt following a low level Input if inter- 
rupt is enabled. Interrupt is disabled 
after a reset. 

T1 19 Input pin testable using the JT1 and 

JNT1 conditional transfer instructions. 
Can be designated the timer/event 
counter input using the STRT CNT in- 
struction. Also serves as the zero-cross 
detection Input to allow zero-crossover 
sensing of slowly moving AC inputs. 
Optional pull-up resistor may be added 
via ROM mask selection. 



Desig- 
nation 



Pin# 



Function 



RESET 



AVc 



AVc 



SUBST 



ANO, 
AN1 



ALE 



XTAL1 



XTAL2 



24 Input used to initialize the processor 
by clearing status flip-flops and setting 
the program counter to zero. 

7 A/D converter GND potential. Also 
establishes the lower limit of the con- 
version range. 

3 A/D + 5V power supply. 

21 Substrate pin used with a bypass capa- 
citor to stabilize the substrate voltage 
and improve A/D accuracy. 

4 A/D converter reference voltage. Estab- 
lishes the upper limit of the conversion 
range. 

6,5 Analog inputs to A/D converter. Soft- 
ware selectable on-chip via SEL ANO 
and SEL AN1 instructions. 

18 Address Latch Enable. Signal occur- 
ring once every 30 input input clocks 
(once every single cycle instruction), 
used as an output clock. 

22 One side of crystal, inductor, or re- 
sistor input for Internal oscillator. Also 
input for external frequency source. 
(Not TTL compatible.) 

23 Other side of timing control element. 
This pin is not connected when an ex- 
ternal frequency source is used. 
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On the EM2 Board: 

The Intel® 8755A EPROM can be programmed using any 
of the modules listed In Table 1. 



Module 


Description 


UPP-103 

PROMPT-48 

PROMPT-80/85 


Universal PROM Programmer. 
Requires UPP-955, which in- 
cludes 8755A Personality Card 
with 40-pin adapter socket. 

Intellec® MCS-48 Microcom- 
puter Design Aid. Requires 
PROMPT-475 Programming 
Adapter. 

Intellec® 8080/8085 Microcom- 
puter Design Aid. Requires 
PROMPT-975 Programming 
Adapter. 



Table 1. 8755A Proramming Module 



The 8755A EPROM is erased when exposed to light with 
wavelengths shorter than approximately 4000 Ang- 
stroms (A). Sunlight and certain fluorescent lamps have 
wavelengths in the 3000A to 4000A range. If the 8756A is 
to be exposed to sunlight or room fluorescent lighting 
for extended periods, then opaque labels should be 
placed over the window to prevent unintentional 
erasure. 



The recommended erasure procedure is exposure to 
ultraviolet light which has a wavelength of 2537 A. The 
integrated dose (UV intensity multiplied by exposure 
time) for erasure should be a minimum of 15W-sec/cm. 
The erasure time with this dosage is approximately 15 to 
20 minutes using an ultraviolet lamp with a 12,000^ 
W/em^ power rating. Place the 8755A within one Inch of 
the lamp during erasure. Some lamps include a filter 
which should be removed before erasure. 



SPECIFICATIONS 

Operating Environment 

Intel® 8755A EPROM Programming 

UPP-103 

PROMPT-48 

PROMPT-80/85 

Intellec Microcomputer Development System 

Software 

8048 Assembler 

ISIS-II Diskette Operating System 

Equipment Supplied 

EM2 Printed Circuit Board 
EM2 Reference Manual 



Physical Characteristics 

Width: 2.75 in. (6.98 cm) 
Height: 4.25 in. (10.79 cm) 
Depth: 1.5 in. (3.81 cm) 
Weight: 0.5 lb (0.23 kg) 



Electrical Characteristics 

DC Power 

Vcc = 5V ±5% 

Ice = 300 mA (maximum) 

Environmental Characteristics 

Operating Temperature — to 55 "C 

Operating Humidity — Up to 95% relative humidity 
without condensation 



ORDERING INFORMATION 

Part Number Description 

MDS-EM2 8022 Emulation Board 
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UPP-103* 
UNIVERSAL PROM PROGRAMMER 

*Replaces UPP-101, UPP-102 Universal PROM Programmers 



Intellec development system peripheral 
for PROM programming and verification 



Provides personality cards for program- 
ming all Intel PROM families 



Provides zero insertion force sockets for 
both 16-pin and 24-pin PROMs 



Universal PROM mapper software pro- 
vides powerful data manipulation and 
programming commands 

Provides flexible power source for 
system logic and programming pulse 
generation 

Holds two personality cards to facilitate 
programming operations using several 
PROM types 



The UPP-103 Universal PROM Programmer is an Intellec system peripheral capable of programming and verifying the 
following Intel programmable ROMs (PROMs): 1702A, 2704, 2708, 2716, 3601, 8702A, 8704, and 8708. In addition, the 
UPP-103 programs the PROM memory portions of the 8748 microcomputer and the 8755 PROM and I/O chip. Program- 
ming and verification operations are initiated from the Intellec development system console and are controlled by the 
universal PROM mapper (UPM) program. 
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FUNCTIONAL DESCRIPTION 

Universal PROM Programmer 

The basic Universal PROM Programmer (UPP) consists 
of a controller module, two personality card sockets, a 
front panel, power supplies, a chassis, and an Intellec 
development system interconnection cable. An Intel 
4040-based intelligent controller monitors the com- 
mands from the Intellec System and controls the data 
transfer interface between the selected PROM persona- 
lity card and the Intellec memory. A unique personality 
card contains the appropriate pulse generation func- 
tions for each Intel PROM family. Programming and veri- 
fying any Intel PROM may be accomplished by selecting 
and plugging in the appropriate personality card. The 
front panel contains a power-on switch and indicator, a 
reset switch, and two zero-force insertion sockets (one 
16-pin and one 24-pln or two 24-pin). A central power 
supply provides power for system logic and for PROM 
programming pulse generation. The Universal PROM 
Programmer may be used as a table top unit or mounted 
In a standard 19-inch RETMA cabinet. 

Universal PROM Mapper 

The Universal PROM Mapper (UPM) is the software pro- 
gram used to control data transfer between paper tape 



or diskette files and a PROM plugged into the Universal 
PROM Programmer. It uses Intellec system memory for 
intermediate storage. The UPM transfers data in 8-bit 
HEX, BNPF, or binary object format between paper tape 
or diskette files and the Intellec system memory. While 
the data is in Intellec system memory, it can be dis- 
played and changed. In addition, word length, bit posi- 
tion, and data sense can be adjusted as required for the 
PROM to be programmed. PROMs may also be dupli- 
cated or altered by copying the PROM contents into the 
Intellec system memory. Easy to use program and com- 
pare commands give the user complete control over pro- 
gramming and verification operations. The UPM elimi- 
nates the need for a variety of personalized PROM pro- 
gramming routines because it contains the program- 
ming algorithms for all Intel PROM families. 



Optional Versions 

There are two versions of the UPM: one that runs under 
the Intellec system monitor (paper tape system), and 
one that runs under ISIS-H, the Intellec diskette operat- 
ing system (diskette-based system). The paper tape ver- 
sion is included with the Universal PROM Programmer. 
The diskette-based version of the UPM is available on all 
ISIS-II system diskettes. 



SPECIFICATIONS 

Hardware Interface 

Data — Two 8-bit unidirectional buses 

Commands — 3 write commands, 2 read commands, 

one initiate command 

Physical Characteristics 

Width — 6 in. (14.7 cm) 
Height — 7 in. (17.2 cm) 
Depth — 17 in. (41.7 cm) 
Weight — 18 lb (8.2 kg) 

Electrical Characteristics 

AC Power Requirements — 50-60 Hz; 1 15/230V AC: 80W 

Environmental Characteristics 

Operating Temperature -- O'C to 55**C 

Optional Equipment 
Personality Cards 

UPP-361: 3601 personality card 

UPP-816: 2716 personality card 

UPP-832: 2732 personality card 

UPP-848: 8748 personality card with 40-pin adaptor 

socket 

UPP-855: 8755 personality card with 40-pin adaptor 

socket 

UPP-865: 3602, 3622, 3602A, 3622A, 3621, 3604, 3624, 



3604A, 3624A, 3604AL, 36046-6, 3605, 3625, 3608, 3628 

UPP-872: 8702A/1702A personality card 

UPP-878: 8708/8704/2708/2704 personality card 

PROM Programming Sockets 

UPP-501: 16-pin/24-pin socket pair 

UPP-502: 24-pin/24-pin socket pair 

UPP-562: Socket adaptor for 3621, 3602, 3622, 3602A, 

3622A 

UPP-555: Socket adaptor for 3604AL, 36046-6, 3608, 3628 

UPP-566: Socket adaptor for 3605, 3625 

Equipment Supplied 

Cabinet 

Power supplies 

4040 Intelligent controller module 

Specified zero insertion force socket pair 

Intellec development system interface cable 

Universal PROM Mapper program (paper tape version — 

disk-based version available on ISIS-II diskettes) 

Reference Manuals 

9800133 — Universal PROM Programmer Hardware 

Reference Manual (SUPPLIED) 

9800554 — Intellec Series II Schematics Drawings 

(SUPPLIED) 

9800819 — Universal PROM Programmer User's Manual 

(SUPPLIED) 



ORDERING INFORIVIATION 

Part Number Description 

UPP-103 Universal PROM programmer with 

16-pln/24-pin socket pair and 
24-pin/24-pln socket pair 
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SDK-85 
MCS-85 SYSTEM DESIGN KIT 



Complete single board microcomputer 
system including CPU, memory, and I/O 

Easy to assemble, low cost, kit form 

Extensive system monitor software in 
ROM 

Interactive LED display and keyboard 



Large wire-wrap area for custom 
interfaces 

Popular 8080A instruction set 

Interfaces directly with TTY 

High performance 3 MHz 8085A CPU 
(1.3 MS instruction cycle) 

Comprehensive design library included 



The SDK-85 MCS-85 System Design Kit is a complete single board microcomputer system in kit form. It contains all 
components required to complete construction of the kit, including LED display, keyboard, resistors, caps, crystal, 
and miscellaneous hardware. Included is a preprogrammed ROM containing a system monitor for general software 
utilities and system diagnostics. The complete kit Includes a 6-digit LED display and a 24-key keyboard for a direct in- 
sertion, examination, and execution of a user's program. In addition, it can be directly interfaced with a teletype ter- 
minal. The SDK-85 is an inexpensive, high performance prototype system that has deslgned-in flexibility for simple in- 
terface to the user's application. 
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FUNCTIONAL DESCRIPTION 

The SDK-85 is a complete 8085A microcomputer system 
on a single board, in kit form. It contains all necessary 
components to build a useful, functional system. Such 
items as resistors, capacitors, and sockets are included. 
Assembly time varies from three to five hours, depend- 
ing on the skill of the user. The SDK-85 functional block 
diagram is shown In Figure 1. 

8085A Processor 

The SDK-85 is designed around Intel's 8085A microproc- 
essor. The Intel 8085A is a new generation, complete 
8-blt parallel central processing unit (CPU). Its instruc- 
tion set is 100% software upward compatible with the 
8080A microprocessor, and it is designed to improve the 
present 8080A's performance by higher system speed. 
Its high level of system integration allows a minimum 
system of three IC's: 8085A (CPU), 8156 (RAM), and 
8355/8755 (ROM/PROM). A block diagram of the 8085A 
microprocessor is shown in Figure 2. 



System Integration — The 8085A incorporates all of the 
features that the 8224 (clock generator) and 8228 (sys- 
tem controller) provided for the 8080A, thereby offering 
a high level of system integration. 

Addressing — The 8085A uses a multiplexed data bus. 
The 16-bit address Is split between the 8-bit address bus 
and the 8-bit address/data bus. The on-chip address 
latches of 8155/8156/8355/8755 memory products allows 
a direct interface with the 8085A. 

System Monitor 

A compact but powerful system monitor is supplied 
with the SDK-85 to provide general software utilities and 
system diagnostics. It comes In a pre-programmed 
ROM. 

Communications Interface 

The SDK-85 communicates with the outside world 
through either the on-board LED display/keyboard com- 
bination, or the user's TTY terminal (jumper selectable). 



FOR BUS EXPANSION 





INTERRUPT N 

INPUTS ,/ 



CONTROL 



Figure 1. SDK-85 System Design Kit Functional Biocl( Diagram 
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INSIDE THE 8085: 



RST 5.5 RST 7.5 
INTR riyPTA I RST 6.5 ) TRAP 

H 



,L1. 



SID SOD 

J L_ 



INTERRUPT CONTROL 



SERIAL I/O CONTROL 



8-BIT INTERNAL DATA BUS 



JL 




X 



INSTRUCTION 
DECODER 

AND 
MACHINE 

CYCLE 
ENCODING 



TIMING AND CONTROL 
CONTROL STATUS DMA RESET 



■"rrTTTTTTTTTl 

CLKOUT I Rb WR ALE Sq S, IO/M HLDA RESET OUT 

READY HOLD RESETTn 



STACK POINTER 



PROGRAM COUNTER 



INCREMENTER DECREMENTER 
ADDRESS LATCH (16) 



£ 



ADDRESS BUFI 



IT 



!!3[ 



tL 



DATA/ADDRESS BUFFER 



T 



ADDRESS BUS 



SEVEN 8-BIT REGISTERS. SIX OF THEM CAN BE LINKED 
IN REGISTER PAIRS FOR CERTAIN OPERATIONS. 
8-BIT ALU. 



16-BlT STACK POINTER (STACK IS MAINTAINED 
OFFBOARD IN SYSTEM RAM MEMORY). 
16-BIT PROGRAM COUNTER. 



Figure 2. 8085A Microprocessor Block Diagram 



Both memory and I/O can be easily expanded by simply 
soldering in additional devices in locations provided for 
this purpose. A large area of the board (45 sq. in.) is laid 
out as general purpose wire-wrap for the user's custom 
interfaces. 

Assembly 

Only a few simple tools are required for assembly; 
soldering Iron, cutters, screwdriver, etc. The SDK-85 
user's manual contains step-by-step instructions for 
easy assembly without mistakes. Once construction is 
complete, the user connects his kit to a power supply 
and the SDK-85 is ready to go. The monitor starts Imme- 
diately upon power-on or reset. 



Command 


Operation 


Reset 


Starts monitor. 


Go 


Allows user to execute user pro- 




gram. 


Single step 


Allows user to execute user pro- 




gram one instruction at a time- 




useful for debugging. 


Substitute memory 


Allows user to examine and 




modify memory locations. 


Examine register 


Allows user to examine and 




modify 8085A's register con- 




tents. 


Vector interrupt 


Serves as user interrupt button. 



Commands ■— Keyboard monitor commands and tele- 
type monitor commands are provided in Table 1 and 
Table 2, respectively. 



Command 


Operation 


Display memory 


Displays multiple memory loca- 




tions. 


Substitute memory 


Allows user to examine and 




modify memory locations one 




at a time. 


Insert instructions 


Allows user to store multiple 




bytes in memory. 


Move memory 


Allows user to move blocks of 




data in memory. 


Examine register 


Allows user to examine and 




modify the 8085A's register 




contents. 


Go 


Allows user to execute user 




programs. 



Table 1. Keyboard Monitor Commands- 



Table 2. Teletype Monitor Commands 

Documentation 

In addition to detailed information on using the 
monitors, the SDK-85 user's manual provides circuit dia- 
grams, a monitor listing, and a description of how the 
system works. The complete design library for the 
SDK-85 is shown In Figure 3 and listed In the Specifica- 
tions section under Reference Manuals. 
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Figure 3. SDK-85 Design Library 
8085A INSTRUCTION SET 

Table 3 contains a summary of processor instructions 
used for tlie 8085A microprocessor. 




Mnemonic 


Description 




instruction Code 


^ 




Clocl(3 
Cycles 


Mnemonic 


Description 


Instruction Code^ 

Dj Dg D5 D4 D3 D2 Di 


_Do 


Cloclt^ 
Cycles 


°7_ 


^ 


^ 


D4 


°3_ 


^ 


Dl 


Do_ 


MOVE, LOAD, 


AND STORE 




















LXI SP 


Load immediate stack 


1 


1 











1 


10 


M0Vr1r2 


Move register to register 





1 


D 


D 


D 


S 


S 


s 


4 




pointer 
















MOV M.r 


Move register to memory 





1 


1 


1 





S 


s 


s 


7 


INXSP 


ncrement stack pointer 


1 


1 








1 


1 


6 


MOV r.M 


Move memory to register 





1 


D 


D 


D 


1 


1 





7 


DCXSP 


Decrement stack 


1 


1 


1 





1 


1 


6 


MVI r 


Move immediate register 








D 


D 


D 


1 


1 





7 




)ointer 
















MVI M 


Move immediate memory 








1 


1 





1 


1 





10 


JUMP 


















LXIB 
LXID 


Load immediate register 
Pair B & C 

Load immediate register 
Pair D & E 















1 














1 
1 


10 
10 


JMP 

JC 

JNC 


Jump unconditional 
Jump on carry 
Jump on no carry 


1 1 
1 1 
1 1 




1 

1 












1 




10 
7/10 
7/10 


LXI H 


Load immediate register 
Pair H & L 








1 














1 


10 


JZ 
JNZ 


Jump on zero 
Jump on no zero 


1 1 
1 1 



















7/10 

7/10 


STAXB 


3tore A indirect 

























7 


JP 


Jump on positive 




1 












7/10 


STAXD 


Store A indirect 











1 













7 


JM 


Jump on minus 




1 












7/10 


LDAX B 


.cad A indirect 
























7 


JPE 


Jump on parity even 

















7/10 


LDAX D 


.oad A indirect 











1 












7 


JPO 


Jump on parity odd 

















7/10 


STA 
LDA 


store A direct 
.oad A direct 










1 
1 


1 
1 














13 
13 


PCHL 


H & L to program 
counter 















1 


6 


SHLD 


store H & L direct 








1 















16 


CALL 


















LHLD 


.oad H & L direct 








1 















16 


CALL 


Dall unconditional 


1 1 












1 


18 


XCHG 

STACK OPS 

PUSH B 


Exchange D & E, H & L 
egisters 

Push register pair B & C 
on stack 


1 




1 













1 







4 
12 


CC 
CNG 
CZ 
CNZ 


Call on carry 
3all on no carry 
Call on zero 
3all on no zero 


1 1 
1 1 
1 1 
1 1 


1 
1 




















9/18 
9/18 
9/18 
9/18 


PUSH D 


Push register pair D & E 
on stack 









1 





1 







12 


CP 
CM 


3all on positive 
Dall on minus 


1 1 1 
1 1 1 


1 
1 














9/18 
9/18 


PUSH H 


Push register pair H & L 

on stack 

Push A and flags on 






1 








1 







12 


CPE 


Call on parity even 


1 1 1 















9/18 


PUSH PSW 






1 


1 





1 







12 


CPO 


3all on parity odd 


1 1 1 















9/18 




stack 




















RETURN 


















POPB 


Pop register pair B & C 
off stack 























10 


RET 
RC 


Return 

Return on carry 


1 1 
1 1 




1 












1 




10 
6/12 


POPD 
POPH 


Pop register pair D & E 
off stack 

Pop register pair H & L 
off stack 








1 


1 

















10 
10 


RNC 

RZ 

RNZ 


Return on no carry 
Return on zero 
Return on no zero 


1 1 
1 1 
1 1 


1 






















6/12 
6/12 
6/12 


POP PSW 


Pop A and flags off 
stack 






1 


1 













10 


RP 
RM 


Return on positive 
Return on minus 


1 1 1 
1 1 1 


1 
















6/12 
6/12 


XTHL 


Exchange top of stack 
H & L 






1 











1 




16 




















SPHL 


H & L to stack pointer 






1 


1 


1 










6 
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MnAinonic 


Description 


Instruction Code^ 


Cloclt^ 
Cycles 


IMnemonic^ 


Description 


Instruction Code^ 


Cloclc3 
Cycles 


D7 De D5 D4 D3 D2 Di Do 


D7 


De D5 


D4 


D3 


D2 Di 


Do 


RPE 


Return on parity even 


1110 10 


6/12 


LOGICAL 


















RPO 


Return on parity odd 


1110 


6/12 


ANA r 


And register with A 




1 








S S 


s 


4 


RESTART 

RST Restart 
INCREMENT AND DECREMENT 

INR r Increment register 
DOR r Decrement register 
INR M Increment memory 


1 1 A A A 1 1 1 

D D D 1 
D D D 1 1 
110 10 


12 

4 
4 
10 


XRAr 

ORAr 
CMPr 
ANA M 
XRAM 


Exclusive Or register 
with A 

Or register with A 
Compare register with A 
And memory with A 
Exclusive Or memory 
with A 




1 

1 
1 
1 
1 





1 


1 

1 


S S 

s s 
s s 

1 1 
1 1 


s 

s 
s 





4 

4 

4 
7 

7 


DORM 
INXB 


Decrement memory 
Increment B & C 
registers 
increment D & E 
registers 
Increment H & L 
registers 
Decrement B & C 
Decrement D & E 


110 10 1 
1 1 


10 
6 


ORAf^ 
CMPM 


Or memory with A 
Compare memory with A 




1 
1 






1 


1 1 
1 1 






7 

7 


INXD 
INXH 


10 11 
10 1 1 


6 
6 


ANI 
XRI 

ORI 


^nd immediate with A 
Exclusive Or immediate 
m\h A 
Or immediate with A 




1 1 
1 1 

1 1 





1 




1 1 
1 1 

1 1 








7 
7 

7 


DCXB 
DCXD 


10 11 
110 11 


6 
6 


CPI 


Compare immediate 
with A 




1 1 




1 


1 1 





7 


DCXH 


Decrement H & L 


10 10 11 


6 


ROTATE 


















ADD 

ADDr 
ADCr 


Add register to A 
Add register to A with 


1 S S S 
1 1 S S S 




RLC 
RRC 
RAL 


Rotate A left 
Rotate A right 
Rotate A left through 
=arry 

















1 



1 1 
1 1 
1 1 


1 
1 
1 


4 
4 
4 


ADDM 


carry 

Add memory to A 


10 1 10 




RAR 


Rotate A right through 
:arry 










1 


1 1 


1 


4 


ADCM 


Add memory to A with 


10 1110 






















ADI 
ACI 

DADB 
DADD 


carry 

Add immediate to A 

Add immediate to A 

with carry 

Add B & C to H & L 

Add D & E to H & L 


110 110 
110 1110 

10 1 
1 10 1 


10 
10 


SPECIALS 

CMA 
STC 
CMC 
DAA 


Complement A 
Set carry 

Complement carry 
Decimal adjust A 








1 
1 
1 
1 




1 

1 



1 1 
1 1 
1 1 
1 1 


1 
1 
1 
1 


4 
4 
4 
4 


DADH 
DADSP 


Add H & L to H & L 
Add stacl< pointer to 
H & L 


10 10 1 
1110 1 


10 
10 


INPUT/OUTPUT 

IN Input 


1 


1 




1 


1 


1 


10 


SUBTRACT 








OUT 


Output 


1 


1 







1 


1 


10 


SUBr 


Subtract register from A 


1 1 s s s 




CONTROL 


















SBBr 

SUBM 
SBB M 


Subtract register from A 
with borrow 

Subtract memory from A 
Subtract memory from 
A with borrow 


10 1 1 s s s 

10 10 1 10 
10 11110 




El 
DI 

NOP 
HLT 


Enable interrupts 
Disable interrupts 
No-operation 
Halt 


1 
1 




1 1 
1 1 



1 1 



1 


1 





1 
1 



1 1 


1 
1 





4 
4 
4 
5 


SUi 


Subtract immediate 
from A 


110 10 110 




NEW 8085 INSTRUCTIONS 
















SBI 


Subtract immediate 
from A with borrow 


110 11110 




RIM 
SIM 


Read interrupt mask 
Set interrupt mask 






1 
1 




1 














4 
4 


Notes 
























1. All mnemonics copyright © Intel Corporation 1977. 




















2. DDDorSSS: B = 000, C = 001 


D = 010, E = 011, H=100, 


L=101, Memory=110, A 


= 111. 
















3. Two possible cycle times. (6/12) indicates instruction cycl 


es dependent on condition flags. 

















Table 3. Summai^ of 8085A Processor instructions 



SPECIFICATIONS 
Central Processor 

CPU - 8085A 
Instruction Cycle — 1 .3 ^s 
Tcy — 330 ns 

Memory 

ROM — 2K bytes (expandable to 4K bytes) 8355/8755A 
RAM — 256 bytes (expandable to 512 bytes) 8155 



Addressing 

ROM — 0000-07FF (expendable to OFFF with an addi- 
tional 8355/8755A) 

RAM — 2000-20FF (2800-28FF available with an addi- 
tional 8155) 

Note 

The wire-wrap area of the SDK-85 PC board may be used for additional 
custom memory expansion up to the 64K-byte addressing limit of the 
8085A. 
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input/Output 

Parallel — 38 lines (expandable to 76 lines) 

Serial — Through SID/SOD ports of 8085A. Software 

generated baud rate. 

Baud Rate — 110 

Interfaces 

Bus — All signals TTL compatible 
Parallel I/O — All signals TTL compatible 
Serial I/O — 20 mA current loop TTY 

Note 

By populating the buffer area of the board, the user has access to all bus 
signals that enable him to design custom system expansions into the 
kit's wire-wrap area. 

Interrupts 
Three Levels 

(RST 7.5) — Keyboard interrupt 
(RST6.5) — TTL input 
(INTR) — TTL input 



DMA 

Hold Request 

input. 



Jumper selectable. TTL compatible 



Software 

System Monitor — Pre-programmed 8755A or 8355 ROM 

Addresses — 0000-07FF 

Monitor I/O — Keyboard/display or TTY (serial I/O) 



Physical Characteristics 

Width - 12.0 in. (30.5 cm) 
Height — 10 in. (25.4 cm) 
Depth — 0.50 in. (1.27 cm) 
Weight — approx. 12 oz 

Electrical Characteristics 

DC Power Requirement (power supply not included in 
kit) 



Voltage 


Current 


Vcc5V ±5% 
VjTY-10V ±10% 


1.3A 

0.3A 
(VjjY required only if teletype 
is connected) 



Environmentai Characteristics 
Operating Temperature — 0-55 "C 

Reference Manuals 

9800451 — SDK-85 User's Manual (SUPPLIED) 
9800366 — MCS-85 User's Manual (SUPPLIED) 
9800301 — 8080/8085 Assembly Language Program- 
ming Manual (SUPPLIED) 

8085/8080 Assembly Language Reference Card (SUP- 
PLIED) 

Reference manuals are shipped with each product only 
if designated SUPPLIED (see above). Manuals may be 
ordered from any Intel sales representative, distributor 
office or from Intel Literature Department, 3065 Bowers 
Avenue, Santa Clara, California 95051. 



ORDERING INFORMATION 
Part Number Description 



SDK-85 



MCS-85 system design kit 
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SDK-86 
MCS-86 SYSTEM DESIGN KIT 



Complete single board microcomputer 
system including CPU, memory, and I/O 

Easy to assemble kit form 

High performance 8086 16-bit CPU 

Interfaces directly with TTY or CRT 



Interactive LED display and keyboard 

Wire wrap area for custom interfaces 

Extensive system monitor software in 
ROM 

Comprehensive design library included 



The SDK-86 MCS-86 System Design Kit is a complete single board 8086 microcomputer system in kit form. It contains 
all necessary components to complete construction of the kit, including LED display, keyboard, resistors, caps, crys- 
tal, and miscellaneous hardware. Included are preprogrammed ROMs containing a system monitor for general soft- 
ware utilities and system diagnostics. The complete kit includes an 8-diglt LED display and a mnemonic 24-key key- 
board for direct insertion, examination, and execution of a user's program. In addition, it can be directly interfaced 
with a teletype terminal, CRT terminal, or the serial port of an Intellec system. The SDK-86 is a high performance proto- 
type system with designed-in flexibility for simple interface to the user's application. 
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FUNCTIONAL DESCRIPTION 

The SDK-86 is a complete MCS-86 microcomputer sys- 
tem on a single board, in kit form. It contains all neces- 
sary components to build a useful, functional system. 
Such items as resistors, caps, and sockets are included. 
Assembly time varies from 4 to 10 hours, depending on 
the skill of the user. The SDK-86 functional block dia- 
gram is shown in Figure 1. 

8086 Processor 

The SDK-86 is designed around Intel's 8086 microproc- 
essor. The Intel 8086 is a new generation, high perform- 
ance microprocessor implemented in N-channel, deple- 
tion load, silicon gate technology (HMOS), and pack- 
aged in a 40-pin CerDIP package. The processor 
features attributes of both 8-bit and 16-bit micro- 
processors in that it addresses memory as a sequence 
of 8-bit bytes, but has a 16-bit wide physical path to 
memory for high performance. Additional features of 
the 8086 include the following: 

• Direct addressing capability to one megabyte of 
memory 

• Assembly language compatibility with 8080/8085 

• 14 word X 16-bit register set with symmetrical oper- 
ations 

• 24 operand addressing modes 

• Bit, byte, word, and block operations 

• 8 and 16-byte signed and unsigned arithmetic in 
binary or decimal mode, including multiply and divide 

• 5 MHz clock rate 

• MULTIBUS compatible system interface 



A block diagram of the 8086 microprocessor is shown in 
Figure 2. 

System Monitor 

A compact but powerful system monitor is supplied 
with the SDK-86 to provide general software utilities and 
system diagnostics. It comes in preprogrammed read 
only memories (ROMs). 

Communications Interface 

The SDK-86 communicates with the outside world 
through either the on-board light emitting diode (LED) 
display/keyboard combination or the user's TTY or CRT 
terminal (jumper selectable), or by means of a special 
mode in which an Intellec development system 
transports finished programs to and from the SDK-86. 
Memory may be easily expanded by simply soldering in 
additional devices in locations provided for this pur- 
pose. A large area of the board (22 square inches) is laid 
out as general purpose wire-wrap for the user's custom 
interfaces. 

Assembly 

Only a few simple tools are required for assembly: sol- 
dering iron, cutters, screwdriver, etc. The SDK-86 
assembly manual contains step-by-step instructions for 
easy assembly with a minimum of mistakes. Once con- 
struction is complete, the user connects his kit to a 
power supply and the SDK-86 is ready to go. The monitor 
starts immediately upon power-on or reset. 

Commands — Keyboard mode commands, serial port 
commands, and Intellec slave mode commands are 
summarized in Table 1, Table 2, and Table 3, respec- 
tively. The SDK-86 keyboard is shown in Figure 3. 



CONTROL 

LINES 

CONNECTOR 



ADDRESS 

BUS EXPANSION 

CONNECTOR 




DATA BUS 
EXPANSION 
CONNECTOR 



|TTYorRS232J 



LED DISPLAY 



Figure 1. SDK-86 System Design Kit Functional Blocic Diagram 
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EXECUTION UNIT BUS INTERFACE UNIT 



~] r RELOCATION 
REGISTER FILE REGISTER FILE 







SEGMENT 


DATA, 




REGISTERS 


POINTER, AND 




AND 


INDEX REGS 




INSTRUCTION 


(8 WORDS) 




POINTER 
(5 WORDS) 









BHI/S7 

K A„/S, 



BUS 

INTERFACE 

UNIT 



3e: 






Aie/S3 
AD1S-AD0 



6BYTE 

INSTRUCTION 

QUEUE 



-¥^ 



IE 



CONTROL & TIMING 



^ 
^ 



LOCK 
QSo,OSi 

S2.Si,So 



CLK RESET READY MN/MX Vcc 
GND 



Figure 2. 8086 Microprocessor Blocic Diagram 




Figure 4. SDK-86 Design Library 



Command 


Operation 


Reset 


Starts monitor. 


Go 


Allows user to execute user pro- 




gram, and causes it to halt at prede- 




termined program stop. Useful for 




debugging. 


Single step 


Allows user to execute user pro- 




gram one instruction at a time. Use- 




ful for debugging. 


Substitute 


Allows user to examine and modify 


memory 


memory locations in byte or word 




mode. 


Examine 


Allows user to examine and modify 


register 


8086 register contents. 


Block move 


Allows user to relocate program 




and data portions in memory. 


Input or output 


Allows direct control of SDK-86 I/O 




facilities in byte or mode. 



Table 1. Keyboard l\/lode Commands 



SYSTM 
RESET 


INTR 


C 

/IP 


D 

/FL 


E 


F 


-»- 


- 


8 

iw/cs 


9 
OW/DS 


A 

/ISS 


B 

/ES 




REG 


4 
IB/SP 


5 
OB/BP 


6 

MV/SI 


7 
EW/DI 


' 





EB/AX 


1 
ER/BX 


2 

GO/CX 


3 
ST/DX 



Command 


Operation 


Dump memory 

Start/continue 
display 

Punch/read 
paper tape 


Allows user to print or display large 

blocks of memory information In 

hex format than amount visible on 

terminal's CRT display. 

Allows user to display blocks of 

memory information larger than 

amount visible on terminal's CRT 

display. 

Allows user to transmit finished 

programs into and out of SDK-86 via 

TTY paper tape punch. 



Table 2. Serial Mode Commands 



Figure 3. SDK-86 Keyboard 

Documentation 

In addition to detailed information on using the moni- 
tors, the SDK-86 user's manual provides circuit dia- 
grams, a monitor listing, and a description of how the 
system works. The complete design library for the 
SDK-86 is shown in Figure 4 and listed in the Specifica- 
tions section under Reference Manuals. 



Command 


Operation 


Up/download 


Allows user to transport finished pro- 
grams between Intellec and SDK-86, 
using special Intellec utility program. 


Note 

The Intellec slave mode utilizes all the keyboard mode commands 
and serial mode commands (listed in Tables 1 and 2, respectively), as 
well as the up/download slave mode command, via the console of 
the Intellect development system, using the SDK-C86 product. 



Table 3. Intellec Slave Mode Commands 
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8086 INSTRUCTION SET 



Table 4 contains a summary of processor instructions 
used for tiie 8086 microprocessor. 



Mnemonic and 
Description 



Instruction Code 



Mnemonic and 
Description 



Instruction Code 



76S43ZI0 76543210 76543210 76S43210 



Register/memory to/from register 
Immediate to register/memory 
Immediate to register 
Memory to accumulator 
Accumulator to memory 
Register/memory to segment register 
Segment register to register/memory 

PUSH - Push: 

Register/memory 
Register 
Segment register 



1 00 1 Od w 


mod reg r/m 




1 1 000 1 1 w 


mwOOO r/m 


data dataifw=1 | 


10 11* reg 


data 


dalaif w=1 


1 1 00 00 w 


addr-low 


addr-high 


1 1 1 w 


addr-low 


addr-high 


10001110 


mod reg r/m 




10 1 10 


mod reg r/m 





Register/memory 
Register 
Segment register 

XCH6 - Exehingi: 

Register/memory with register 
Register with accumulator 

IN = Input 

Fixed port 
Variable port 

OUT = Output 
Fixed port 
Variable port 

XLAT-Translate byte to AL 
LEA^Load EA to register 
LOS^Load pointer to DS 
LES^Load pointer to ES 
LANF=Load AH with flags 
SAMF-Store AH into flags 
PUSNF=Push flags 
POPF=Pop flags 



Reg /memory with register to either 
Immediate to register/memory 
Immediate to accumulator 

ADC - Add with carry: 

Reg /memory with register to either 
Immediate to register/memory 
Immediate to accumulator 

INC = Incrimml: 

Register/memory 

Register 

MA-ASCII adjust for add 

DAA-Decimal ad|ust for add 

SUB = Subtract: 

Reg. /memory and register to either 
Immediate from register/memory 
Immediate from accumulator 

SIB - SuMrad with btrraw 
Reg./memory and register to either 
Immediate from register/memory 
Immediate from accumulator 

DEC = Dteramant: 

Register/memory 
Register 
NES^Change sign 



I 1 1 



10 10 11 reg 
I reg 1 1 1 



1 w I port 



1 1 1 1 1 w 


port 1 


1110 111* 




110 10 111 




10 001101 


mod reg r/m 


110 10 1^ 


mod reg r/m 


110 100 


mod reg r/m 


10011111 
10011110 




10011100 




10 1110 1 





OOOOOd w 


mod reg r/m 




10000 0s* 


mod r/m 


L data data if s w=01 | 


00000 10* 


data 


data If *=1 



1 d * 


mod reg r/m 




100000s* 


mod 1 r/m 


data data if s *=01 | 


1 1 * 


data 


data If w=1 



|0 1 reg | 
[00 110 iTTj 
[00 100 i"m~| 



00 1 1 Od w 


mod reg r/m 








1 00000 s w 


mod 1 1 r/m 


data 


data If 


w=01 1 


00 1 1 1 Ow 


data 


data If w=1 







000 1 1 Od w 


mod reg r/m 






1 00000 sw 


mod Oil r/m 


data 


data If s w=01 | 


000 1 1 1 Ow 


data 


data If w-1 





1 1 1 1 1 1 1 w 


modOO 1 r/m | 


O'l 00 1 reg 




1 1 1 1 1 1 w 


modO 1 1 r/m [ 



CMP = Compira: 

Register/memory and register 
Immediate with register/memory 
Immediate with accumulator 
AA8=ASCII adjust for subtract 
OAS=Decimal adjust for subtract 
MUL=Multiply (unsigned) 
IMUl=lnteger multiply (signed) 
AAM=ASCII adjust for multiply 
OIV=Oivide (unsigned) 
IDIV=lnteger divide (signed) 
AAO=ASCII adjust (or divide 
C8W=Convert byte to word 
CWO=Convert word to double word 



LOGIC 

MOT=lnvert 

SHL/SAL=Shift logical/arithmetic left 

SHR^Shift logical right 

SAR=Shift arithmetic right 

ROL= Rotate left 

ROR=Rotate right 

RCL=Rotate through carry flag left 

RCR=Rotate through carry right 

AND - And. 

Reg /memory and register to either 
Immediate to register/memory 
Immediate to accumulator 

TEST = And function to flags, no result: 

Register/memory and register 
Immediate data and register/memory 
Immediate data and accumulator 

OR - Or: 

Reg /memory and register to either 
Immediate to register/memory 
Immediate to accumulator 

XOR = Exclusive or: 

Reg /memory and register to either 
Immediate to register/memory 
Immediate to accumulator 



STRING MANIPULATION 

REP-Repeat 

MOVS = fVlove byte/word 

CMPS = Compare byte/word 

SCAS = Scan byte/word 

LOOS = Load byte/wd to AUAX 

STOS = Stor byte/wd frm AUA 



7654321 


7 6543 2 10 


7 6 543216 76543210 


1 1 1 Od * 


mod reg r/m 




100000s* 


modi 1 1 r/m 


data 


data if s w=01 | 


0011110* 


data 


dataif w=1 




111111 






10 1111 






1 1 1 1 1 1 w 


mod 10 r/m 


1 1 1 1 1 1 w 


mod 1 1 r/m 




110 10 100 


00001010 




1 1 1 1 1 1 w 


mod 1 1 r/m 




11110 11* 


mod 1 1 1 r/m 




110 10 10 1 


10 10 




1 1 1 0_^ 
10 110 1 







1 1 1 1 1 1 * 


mod 1 


r/m 


1 1. 1 V * 


mod 1 


r/m 


1 1 1 00 V w 


mod 1 1 


r/m 


1 1 1 V w 


mod 1 1 1 r/m 


1 1 1 00 V * 


mod 


r/m 


110 10 0V* 


mod 1 


1 1 1 00 V * 


modO 1 r/m 


1 1 1 00 V w 


modO 1 1 


r/m 



1 d w 


mod reg r/m 






1 00 w 


mod 1 r/m_^ 


data 


data if *=1 1 


1 1 * 


data 


dataif*=l 





1 


1 w I mod reg r/m 






1 1 1 1 1 1 * [modO r/m 


data 


data If w=1 1 


{10 10 10 0*1 data 


dataif w=1 



00 1 Od * 


mod reg r/m 






1 00000 w^ 


modO 1 r/m 


data 


data If *=1 1 


000 1 1 * 


data 


data If w=1 





1 1 Od * 


mod reg r/m ^ 






1 00 00 * 


modi 1 r/m 


data 


data If *-1 1 


00 1 1 1 * 


data 


data If w=1 





CONTROL TRANSFER 
CALL = Call: 

Direct within segment 
Indirect within segment 
Direct intersegment 

Indirect intersegment 



1110 1000 


disp-lo* 


disp-high 


11111111 


mod 1 r/m 




10 110 10 


offset-lo* 


offset-high 




seg-lo* 


seg-high 


[11111111 


mod 1 1 r/m 
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Mnemonic and 
Description 



Instruction Code 



Mnemonic and 
Description 



Instruction Code 



JMP = Uncondltlonil Jump: 

Direct within segment 
Direct within segnnent-short 
Indirect within segment 
Direct intersegment 

Indirect intersegment 

RET = Raturn from CALL 

Within segment 

Within seg adding immed to SP 

Intersegment 

Intersegment adding immediate 'o S 

JE/J2-Jump on equal/zero 

JL/JII6E=Jump on less/not greater 

or equal 
JLE/JN6=Jump on 

greater 






greater 
JB/JNAE'Jump on below/not above 

or equal 
JBE/JNA=Jump on below or equal/ 

not above 
JP/JPE=Jump on parity/parity even 

JO=Jump on overflow 

JS=Jump on sign 

JNE/JNZ"Jump on not equal/not zero 
JNL/J6E=Jump on not less /greater 

or equal 
JNLE/J6=Jump on not less or equal/ 

greater 
JNB/JAE=Jump on not below/above 

or equal 
JNBE/JA=Jump on not below or 

equal/above 
JNP/JPO=Jump on not par/par odd 
JNO=Jump on not overflow 



7 8 S4 3 2 1 


7 6 543210 


7 6543210 


1110 10 1 


disp-low 


disp-high 1 


1110 10 11 


disp 




11111111 


mod 1 r/m 




1110 10 10 


otfset-low 


offset-high 




seg-low 


seg -high 




mod 1 1 r/m 










11000011 




110 10 


data-low | data-high | 


110 10 11 




110 10 10 


data-low 1 data-high | 


1110 10 


disp 




111110 


disp 


1111110 


disp 


1110 10 


disp 


1110 110 


disp 


11110 10 


disp 


1110 


disp 


11110 


disp 


1110 10 1 


disp 


111110 1 


disp 


1111111^ 


disp 






1110 11 


disp 




1110 111 


disp 




11110 11 


disp 




1110 1 


disp 





JMS=Jump on not sign 
LOOP Loop CX times 
LOOPZ/LOOPE=Loop while zero/equal 
LOOPNZ/LOOPNE=Loop while not 

zero/equal 
JCXZ=Jump on CX zero 



INT Interrupt 

Type specified 

Type 3 

IMTO=lnterrupt on overflow 

IRET-lnterrupt return 



PROCESSOR CONTROL 

CLC -Clear carry 

CMC-Complement carry 

STC-Set carry 

CLD-Clear direction 

STO Set direction 

CLI=Clear interrupt 

STI-Set interrupt 

HLT=Halt 

WAIT^Wait 

ESC--Escape (to external device) 

LOCK -Bus lock prefix 



76543210 76543210 



1111001 


disp 


11100010 


disp 


1110 1 


disp 


1110 


disp 


11100011 


disp 




1 1 1 1 1 1 


type 



111110 0^ 




11110 10 1 




111110 1 




1111110 




1111110 1 




111110 10 




111110 11 




11110 10 




10 110 11 




1 1 1 1 X X X 


mod X X X r/m | 


1 1 1 1 1 





Notes 

AL = 8-bit accumulator 

AX = 16-bit accumulator 

CX = Count register 

DS = Data segment 

ES = Extra segment 

Above/below refers to unsigned value 

Greater = more positive, 

Less = less positive (more negative) signed values 

if ci=1 then "to" reg; if d = then "from" reg 

if w = 1 then word instruction, if w = then byte instruction 



if mod = 11 then r/m is treated as a REG field 

if mod = 00 then DISP = 0*, disp-low and disp-high are absent 

if mod = 01 then DISP = disp-low sign-extended to 16-bits, disp-high is a 

If mod = 10 then DISP = disp-high: disp-low 

if r/m = 000 then EA = (BX) + (SI) + DISP 

if r/m = 001 then EA = (BX) + (Dl) + DISP 

if r/m = 010 then EA = (BP) + (SI) + DISP 

if r/m = Oil then EA = (BP) + (Dl) + DISP 

if r/m = 100 then EA = (SI) + DISP 

if r/m = 101 then EA = (Dl) + DISP 

if r/m = 110 then EA = (BP) + DISP* 

if r/m = 111 then EA = (BX) + DISP 

DISP follows 2nd byte of instruction (before data if required) 

'except if mod = 00 and r/m = 110 then EA = disp-high disp-low 



if s w = 01 then 16 bits of immediate data form the operand 
if s w = 1 1 then an immediate data byte is sign extended to 

form the 16-bit operand 
if v ::= then "count" = 1 , if v = then ' count" in (CL) 
x=: don't care 

if v = then "count' ' = 1 , it v = 1 then "count' ' in (CL) register 
z IS used for string primitives for comparison with ZF FLAG 

SEGMENT OVERRIDE PREFIX 



REG IS assigned according to the following table 
16-Blt (w = 1) 



000 


AX 


001 


CX 


010 


DX 


011 


BX 


100 


SP 


101 


BP 


110 


SI 


111 


Dl 



8-Blt (w - 0) 


000 


AL 


001 


CL 


010 


DL 


oil 


BL 


100 


AH 


101 


CH 


110 


DH 


111 


BH 



Instructions which reference the flag register file as a 16-bit object use the symbol FLAGS to 
represent the file 

FLAGS = X X X X (OF) (DF) (IF) (TF) (SF) (ZF) X (AF)X (PF) X (CF) 
IVInennonics © Intel, 1978 



Table 4. 8086 Instruction Set Summary 



SPECIFICATIONS 
Central Processor 

CPU - 8086-4 

Note 

May be operated at 2.5 MHz or 5 MHz, jumper selectable, for use with 
8086. 

Memory 

ROM — 8K bytes 2316/2716 

RAM — 2K bytes (expandable to 4K bytes) 2142 



Addressing 

ROM — FEOOO-FFFFF 

RAM — 0-7FF (800-FFF available with additional 

2142's) 

Note 

The wire-wrap area of the SDK-86 PC board may be used for additional 
custom memory expansion. 

Input/Output 

Parallel — 48 lines (two 8255A's) 

Serial — RS232 or current loop (8251 A) 

Baud Rate — selectable fronn 110 to 4800 baud 
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Interfaces 

Bus — All signals TTL compatible 
Parallel I/O — All signals TTL compatible 
Serial I/O — 20 mA current loop TTY or RS232 

Note 

The user has access to all bus signals which enable him to design cus- 
tom system expansions into the kit's wire-wrap area. 

Interrupts (256 vectored) 

Maskable 

Non-maskable 

TRAP 

DMA 

Hold Request — Jumper selectable. TTL compatible 

input. 

Software 

System Monitor — Preprogrammed 2716 or 2316 ROMs 

Addresses - FEOOO-FFFFF 

Monitor I/O — Keyboard/display or TTY or CRT (serial 

I/O) 

Physical Characteristics 

Width — 13.5 in. (34.3 cm) 
Height — 12 in. (30.5 cm) 
Depth — 1.75 in. (4.45 cm) 
Weight — approx. 24 oz. (3.3 kg) 



Electrical Characteristics 

DC Power Requirement 

(Power supply not included In kit) 



Voltage 


Current 


Vcc5V±5% 
VjTY-12V±10% 


3.5A 

0.3A 

(VjjY required only if teletype is connected) 



Environmental Characteristics 

Operating Temperature — 0-50 ''C 

Reference Manuals 

9800697A — SDK-86 MCS-86 System Design Kit 

Assembly Manual 

9800722 — MCS-86 User's Manual 

9800640A — 8086 Assembly Language Programming 

Manual 

8086 Assembly Language Reference Card 

Reference manuals are shipped with each product only 
if designated SUPPLIED (see above). Manuals may be 
ordered from any Intel sales representative, distributor 
office or from Intel Literature Department, 3065 Bowers 
Avenue, Santa Clara, California 95051. 



ORDERING INFORMATION 

Part Number Description 

SDK-86 MCS-86 system design kit 
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SDK-C86 

MCS-86" SYSTEM DESIGN KIT 

SOFTWARE AND CABLE INTERFACE TO 

INTELLEC* DEVELOPMENT SYSTEM 



Provides the Software and Hardware 
Communications Link Between an 
Intellec® Development System and the 
SDK-86 

inteilec® System Files can be Accessed 
and Down loaded to the SDK-86 
Resident Memory 

Data in SDK-86 Memory can be 
Uploaded and Saved in Intellec® 
System Files 



Enhances and Extends the Power and 
Usefulness of the SDK-86 

Allows the SDK-86 to Become an 
Execution Vehicle for ISIS-II 
Developed 8086 Object Code Using 
the MDS-311 Software Cross 
Development Package 

All SDK-86 Serial Port Mode 
Commands Become Available at 
Console of the Intellec® System 



The SDK-C86 product provides the software and hardware link for using the SDK-86 monitor in conjunction with an 
Intellec® Development System while adding features of data transfer between SDK-86 memory and Intellec® System files. 
The user may enter programs and data into the SDK-86 and then save them on a diskette. Also, programs and data may be 
created on the Intellec® System using the MDS-311 crossdevelopmentsoftwarepackage, then loaded into the SDK-86 for 
testing and checkout. This provides a real time execution environment of the SDK-86 as a peripheral to the Intellec® 
System. 
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HARDWARE 

There are two serial ports on the Intellec® System back 
panel, TTY and CRT. Assuming that one of the ports is 
used for the Intellec® console, the SDK-C86 cable can 
plug into the unused port. The SDK-86 is jumper 
selectable to accept either the CRT (RS232) or TTY (20mA 
current loop) signals. 

The edge connector on the SDK-86 has the MULTIBUS'" 
form factor. No signals are connected to the fingers 
except the power supply traces. Therefore, the SDK-86 
can plug directly into the Intellec® motherboard to obtain 
power while using the SDK-C86 cable as the communi- 
cation link. 

SOFTWARE 

Two programs must be invoked to operate in the SDK-86 
slave mode. One program runs on the SDK-86, and 
another runs in any ISIS-I! environment that includes a 
diskette drive. 

The serial I/O monitor is installed on the SDK-86 and 
operates as though it was talking to a terminal. The 
software in the Intellec® allows the Intellec®, with a 
console device, to behave as if it were a terminal to the 
SDK-86. 

The SDK-C86 software program in the Intellec reads the 
console input device, then passes the character to the 
SDK-86 through the serial port. It also receives the 
characters from the SDK-86 and displays them at the 
console output device. Besides the basic transfer 
function, this program also recognizes and performs the 
Upload and Download functions. 

COMMAND MODES 

• Transparent: In this mode, the SDK-C86 software 
passes all characters through without any processing. 
All the commands of the SDK-86 monitor (except paper 
tape commands) are available and will function in 
exactly the same manner as if the terminal were 
attached directly to the serial port of the SDK-86. 



Upload/Download: In this mode the SDK-C86 software, 
in the Intellec®, recognizes the mnemonic for Upload or 
Download from the terminal. It "translates" the 
Download command to an R (Read hexadecimal tape) 
command and the Upload command to a W (Write 
hexadecimal tape). The R and W commands are then 
passed on to the SDK-86 monitor. Using these paper 
tape commands allows for a checksummed transfer of 
data between the Intellec® and the SDK-86 memory. 



COMMAND SUMMARY 

• Reset — starts the SDK-86 monitor. 

• Execute with Breakpoint (G) — Allows you to exe- 
cute a user program and cause it to halt at a predeter- 
mined program step — useful for debugging. 

• Single Step (N) — allows you to execute a user program 
one instruction at a time — useful for debugging. 

• Substitute Memory (S, SW) — allows you to examine 
and modify memory locations in byte or word mode. 

• Examine Register (X) — allows you to examine and 
modify the 8086's register contents. 

• Block Move (M) — allows you to relocate program and 
data portions in memory. 

• Input or Output (I, IW, O, OW) — allows direct control of 
the SDK-86's I/O facilities in byte or word mode. 

• Display Memory (D) — allows you to print or display 
large blocks of memory information in HEX format. 



Load 
into 



d (L) — allows you to load hex format object files 
SDK-86 memory from an Intellec. 



Transfer (T) — allows you to save contents of SDK-86 
memory in a hex format object file in the Intellec. 





INTELLEC® 

DEVELOPMENT 

SYSTEM 



CRT OR TTY 



O 



SDK-86 



DISKETTE 



SDK-86/lntellec® Slave Mode Configuration 
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MICROCOMPUTER SOFTWARE 



TM 



INSITE 
USER'S PROGRAM LIBRARY 



Programs for 8008, 8048, 8080, 8085 and 
8086 processors 

Updates of new programs sent bi-monthly 

Diskettes, paper tapes, and listings 
available for library programs 



Hundreds of programs 

For each accepted program submittal, 
Insite will provide either a one-year free 
membership, five free paper tapes, or free 
program diskette 



Insite™, Intel's Software Index and Technology Exchange, is a collection of programs, subroutines, procedures, and 
macros written by users of Intel's 8008, 8048, 8080, 8085 and 8086 microcomputers, iSBC-80 OEM computer systems, 
and Intellec® development systems. Thanks to customer contributions to Insite™, Intel is able to make these pro- 
grams available to all users of Intel microcomputers. By taking advantage of the availability of these general-purpose 
routines, the microcomputer design engineer and programmer can save many hours of programming and debugging 
time. The library of programs also serves as a good learning tool for those unfamiliar with Intel assembly language or 
PL/M-80 and FORTRAN-80, Intel's high-level languages for the 8008, 8080 and 8085 microcomputers. 





LIBRARY PROGRAMS AVAILABLE ON PAPER TAPE AND SINGLE OR DOUBLE DENSITY DISKETTE 
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INSITE PROGRAM LIBRARY MANUAL 

Each member will be sent the Program Library Manual 
consisting of an abstract for each program indicating 
the function of the routine, required hardware and soft- 
ware, and memory requirements, plus the source list- 
ings that are five pages and under. 

User's Library members will be updated bi-monthly with 
abstracts of new programs submitted to Insite™ during 
the subscription period. Please refer to the Intel OEM 
Price List or contact the nearest Regional Sales Office 
for yearly subscription fee. 



2. A source listing of the program must be included. 
This must be the output listing of a compile or as- 
sembly. All accepted programs must be capable of 
compilation or assembly by Intel standard com- 
pilers or assemblers. No consideration will be given 
to partial programs or duplication of existing pro- 
grams. 

3. A test program which assures the validity of the 
contributed program must be included. This must 
show the correct operation of the program. 

4. A source paper tape or diskette of the contributed 
program is required. This will be used for the repro- 
duction of tapes for other members. 



PROGRAM LIBRARY SERVICES 



Complete the Submittal Form as follows: (please type or 
print) 



PAPER TAPES, DISKETTES OR SOURCE LISTINGS are 
available for every program in Insite^"^. Diskettes are 
available on single or double density. 



MEMBERSHIP 

Membership In Insite™ is available on an annual basis. 
Intel customers may become members through an ac- 
cepted program contribution or membership fee. New 
members should use the membership form on the back 
of this data sheet. 



1. Processor (check appropriate box). 

2. Program Title: Name and brief description of pro- 
gram function. 

3. Function: Detailed description of operations per- 
formed by the program. Attach additional pages if 
necessary. 

4. Required Hardware: 

For example: TTY or Ports and 1 
Interrupt Circuitry 
I/O Interface 

Machine line and configuration for 
cross products 



PROGRAM SUBMITTAL 

Programs submitted for our review must follow the 
guidelines listed below: 

1. Programs must be written in a standard Intel 
Assembly Language or PL/M-80. These languages 
are documented In the following manuals: 

a. 8008/MCS-8 Assembly Programming Manual #98- 
019B 

b. 8080/8085 Assembly Language Programming 
Manual #98-301 C 

c. 8080/8085 Floating-Point Arithmetic Library 
User's Manual #98-4528 

d. PL/M-80 Programming Manual #98-2688 

e. MCS-48 and UPI-41 Assembly Language Manual 
#98-2550 

f. FORTRAN-80 Programming Manual #98-481A 

g. 8086 Assembly Language Reference Manual #98- 
640A 

h. PL/M-86 Programming Manual #98-466A 



5. Required Software: 

For example: TTY Driver 

Floating Point Package 
Support software required for cross 
products 

6. Input Parameters: Description of register values, 
memory areas or values accepted from input ports. 

7. Output Results: Values to be expected in registers, 
memory areas or on output ports. 

8. Program Details: (for resident products only) 

a. Register modified 

b. RAM required (bytes) 

c. ROM required (bytes) 

d. Maximum subroutine nesting level 

9. Assembler/Compiler Used: 

For example: PL/M-80 

Intellec® MDS Macro Assembler 
FORTRAN-80 

10. Programmer, Company and Address. 
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3-Byte Positive Fractional Multiply 

5 Level (BARDOT) to 8 Level (ASCII) Paper Tape 
Conversion 

8-Bit Multiply and Divide 

8-Bit Random Number Generator 

12x12 Multiply 

16-Bit CRC for Polynomial X16-t-X12-f X5+ 1 

16-Bit Division — 16-Bit Result 

16-Bit Division — 16-Bit Result 

16-Bit Multiply - 16-Bit Result 

16-Bit Multiply — 16-Bit Result 

16-Bit Multiply — 32-Bit Result 

16-Bit Random Number Generator 

16-Bit Square Root Routine 

32-Bit Binary to BCD Conversion, Leading Zero 
Blanking 

32-Bit Divide Subroutine 

2708 PROM Programmer for Intellec 8/MOD 80 

4040 Cross Assembler for Intellec 8/MOD 80 and 
MDS-800 

8008 Cross Assembler for 8085-MACRO Defini- 
tion — M8008.SRC 

8008 Cross Inverse Assembler for HP 2100 

8008 Disassembler 

8008 MACRO Assembler Version 2.0 

8008 MACRO Definition Set for Assembly on 
PDP-11 

8048 BCD Multiply 

8048-DIV — Division Routine 

8048 — Seven Segment Display Interface Sub- 
routines — SCAN 

8048 TUNE GENERATOR 

8080 CPU Exercise Routine 

8080 Cross Assembler for Tektronix 4051 

8080 Disassembler 

8080 Disassembler 

8080 Double Precision ARC Tangent 

8080 Floating Point a'' 

8080 Floating Point Extended Math Package 

8080 Floating Point with BCD Conversion 
Routine 

8080 Idle Analyzer for Approximating CPU 
Utilization 

8080 1/0 System Status Display 

8080 Least Squares Quadratic Fitting Routine 

8080 MACRO Assembler 4.1 

8080 RAM Memory Test 

8080 Symbol Table Dump 

8085 Cross Assembler for the DEC PDP8 and 
PDP11 

9600 Initialize CRT and UART for Baud 

Absorbance Calculation 

A/D Converter Routine 

ADCCP Remainder Routine 

Adaptive Game Program 

Algebraic Compare Subroutine 

Align Program — Intermediate Pass Between 
PLM/Pass 1 & 2 

Analog/Digital Polling Routine 

AP29 "USING THE 8085 SERIAL I/O LINES" 

APL Graphic Display on a 5x 7 Dot Matrix 

Approximating Routine 

Arctan 2 Subroutine 

ARRAY ADDRESSING SUBROUTINE AND 
CALLING MACRO 

ASCII Display 

ASCII to EBCDIC and EBCDIC to ASCII Con- 
verters 

ASCII String to Intel Floating Point 

Assembler Oriented Centronics 306 Line Printer 
Handler and Error Only Assembler 

Bandit Static Display 

Banner Print and Punch 

BASIC CPU State Vector Maintenance 

Basic Digital Panel Meter Call 

BASIC Interpreter 

BASIC/M Translator and Interpreter 

BCD to BIN Conversion Routine 

BCD to/from Binary Conversion 

BCD Input and Direct Conversion to Binary 
Routine 

BCD Multiplication 

BCD Sum for 8008 

BCD Up/Down Counter 

BIN to BCD Conversion Routine 

Binary to BCD Subroutine 

Binary to HEX Routine 

Binary Loader for MDS 

Binary Multiplication — 24-Bit 



Binary Search 

Binary Search Routine 

Binary Tape Program 

BINDECBIN — Binary to/from BCD 

BIN LB — 8080 System Loader 

BIORIM 

Blackjack 

$BLPT 

BOOT — Bootstrap Loading and Program Patch- 
ing 

Calculate a Calendar 

Calendar Subroutine 

Card Reader Driver, Hollerith to ASCII Conver- 
sion 

Character Interpreted Memory Dump 

CLI 

Clock Subroutine 

Compare 

COMPARE Files 

Compare Object Code Tape with Memory 

Control Data Output 

Controller for Hewlett-Packard 9871A Printer 

Conversion of Scientific to Easily Readable 
Notation 

Crap's 

CRECH — Cyclic Redundancy Check 

Cross Assembler ASM08 

Cross Assembler for NOVA 1200 

Cross Assembler for NOVA 1220, IBM 360/40 
and CDC 3000 

Cross Assembler for PDP-11 

Cross Assembler for PDP-11 

Cross Assembler for Varian Data Machine 

Cross Reference for PAS80 PASCAL Programs 
— XREF80 

CRTBZ - GET 

Cut and Paste Editor (PUM) 

Cyclic Redundancy Character Generator 

Cyclic Redundancy Check 

Cyclic Redundancy Check for Data String of 2^^ 
Bytes 

Data Array Move 

Data General to Intellec MDS Diskette Trans- 
port Package 

Data I/O PROM Processor 

"DATCON B1" Analog to Digital Conversion 
Program 

Decrement H and L Regsiters 

Delete Comments 

Diagnostic 1003 — Memory Validity Check 

Digital to Analog Conversion for Eight Outputs 

Disable Hold — Screen Mode 

Disassembler 

Disk Dump Routine for ICOM F DOS-1 1/MOD 80 
Floppy DOS 

Diskette Recovery Program, Recovery 1 

Display 

Double Precision Integer Arithmetic Package 

Double Precision Multiply 

Driver for Tektronix 4010 Grafic Screen 

DTMHEX 

Elementary Function Package 

Enable Hold — Screen Mode 

ERLIST 

Examin 

EXEC 

Factorial of a Decimal Number 

Fast Floating Point Square Root Routine 

FAST & SLOW 

FDUMP 

Field 

Fixed and Floating Point Arithmetic Routines 

Fixed Point CHEBYSHEV Sine and Cosine for 
PUM Users 

Flag Processing Routine 

Floating Point Conversion Routine 

Floating Point Decimal and HEX Format Con- 
version 

Floating Point Format Conversion Package 

Floating Point Interpreter 

Floating Point Math Package 

Floating Point Package for Intel 8008 and 8080 
Microprocessors 

Floating Point Procedures 

Floating Point Square Root 

Floating Point Utility Programs for Use with 
FPALLIB 

Fly Reader Driver 

Format 



Format Intel Data 

Gambol 

Game of Life 

Gamma Function Subroutine 

Generalized Stepper Motor Drive Program 

GLANCE 

GRAPH 

Gray to Binary Conversion 

Handler for Tally PTP 

Hang 

Hazeltine 2000 CRT Function Driver 

Hewlett-Packard Calculator to MDS800 I/O Con- 
trol Program — HPIO 

HEX Convert — Convert Intel HEX to Prolog 
HEX File Converter 

Hex to ASCII Conversion 

HEX to Decimal Conversion 

HEX Format Paper Tape Dump for SDK 

HEX Tape Loader for SDK 

High Speed Paper Tape Reader with Stepper 
Motor Control 

Histogram 

18080 Cross Assembler for Intel 8080/8085 
Microprocessors 

IBM Selectric Input Program 

IBM Selectric Output Program 

ICE-80 Disassembler 

l-Command — Insert Data in HEX Form from 
TTY into RAM 

Input/Output Commands for MDS 

Insert Tab Characters for Spaces 

Intel Format HEX Data File Load/Read 

Intellec 8 MOD 80 Monitor 

Intellec 8/MOD 80 — Silent 700 Interface 

Intellec MDS Diagnostic Confidence Test Ver- 
sion 1.1 

Intellec MDS Monitor Version 2.0 

intellec 8 Text Editor 

Interfacing the MDS and HP 2644 

Interrupt Driven Clock Routine 

Interrupt Handler (Re-Entrant) 

Interrupt Service Routine 

INVERT Data in RAM 

I/O Routine for Tl Silent 700 Terminal 

I/O Simulation MACROS 

I/O Test Program for SBC 80/20 — lOTEST 

Join 

Julian Data Routine 

K, Program Trap and Dump Routine 

Kalah 

Keyboard Scanner 

Kill the Rotating Bit 

Lander 

Letr 

Legible Paper Tape 

Lewthwaite's Game 

Linear System (Gauss Elimination) — LISY 

LISP INTERPRETER 

List 

List Device Program 

List SCR 

List 1 — High Speed List Program for Intellec 8 

List/Print/Type "List SRC" on Diskette 

LLL/Chernack Basic Interpreter 

LOAD 

Log Base 2 

LSORT 

MACRO Assembler for DG NOVA 

Main Routine DDUMP(Diskette DUMP Routines) 

Mastermind 

Mastermind 8080 

"Mastermind 8080" for SBC 80/10 

Match 

Match Game 

Maze 

Maze 

MBCD N1 X N2 Bytes Decimal Multiply Subrou- 
tine 

MDS Back to Back Data Transfer 

Memory Compare 

Memory Diagnostic Program 

Memory Dump 

Memory Test for the 8080 

Memory Test Program 

^Scope 820 Test Instrument, iSBC 80/10 Diag- 
nostic Program 

MINITH-RMX Minimal Terminal Handler 

Model 101 Centronics Printer Handler 

Mon256 — 256-Byte PROM Monitor 




12-101 



INSITE^"* USER'S PROGRAM LIBRARY 



INSITE™ USER'S LIBRARY PARTIAL PROGRAM INDEX (Continued) 



Monitor for iSBC 80/05 or 80/04 — MON805 

Monitor for iSBC 80/10 or 80/10A - MON810 

Monitor for iSBC 80/20 or 80/20-4 — MON820 

Morse Code Generator 

MSAVeMLOAO Utilities for MDS-800 with DOS 

MUUDIV Multi-precision Pack for 8080 

Natural Logarithm 

N-Byte Binary Multipiicaiton and Leading Zero 
Blanking 

Nim 

Nim 

Non-Encoded Keytx>ard Subroutine 

Nova Cross Assembler — Intel 8080 

Numbers 

Octal Code Conversion for PDP-11 

Octal Debugging Program (ODT) for the MCS-80 
Computer 

Octal PROM Programming 

OCTHEX 

Online, Upload, Download 

Optimized Ultra Fast Floating Point Package 

Output Message Generator 

P2708 PROM Programming Routine 

Page Break for Tektronix 4010 I/O Graphics Ter- 
minal 

Page Listing Program 

Paper Tape Leader I.D 

Paper Tape Reformatter for SDK 

Pass — Parameter Passing Routine 

PDP-11 Binary File to Intel HEX File Converter 

PDP-11 Program Load to HEX, Dump, & Verify 

PILOT-80 ISIS-II Version 2.0 

PUM 80 Pass 3 

PL/M Floating Point Interface 

PL/M Histogram Procedure and Random Num- 
ber Generator 

Print 

Print Program for G.E. Terminet-1200 Printer 

Print Out Source File on Floppy Disk 

Print Text for SBC 80/10 

Program Test Load 

PROM Programmer for Intellec 8 

Prompt Pong 

Proportional Power Control Image Builder 

Punch Binary Tape 

Punch Test or TTY Reader/Punch Test 

Quicksort Procedures 

RAM Check 

RAM Test Program 

Random Number Generator — RINGEN 



RANDOMSBITS 

React 

Read and Interrupt Modifications for Intellec 8/ 
MOD 80 

ReadWrite Routines for Interchange Tapes 

Reader Test 

Real Time Clock Service Routine 

Real Time Executive 

Real Time Monitor 

RECOVR 

Relative Jump Routine 

Relocatable FMath and XMath, 8085 Floating 
Point Package 

RIA80 

RMSTF — Integration Routine 

RMX/80-based Keyboard Input Handler Subrou- 
tine 

Run 

Sample Automatic Test Equipment 

Save/Restore CPU State on an Interrupt 

SBC Communicator 

SBC SOP Real Time Clock 

SBC 80/10 8255 Test 

SBC 80/10 Interactive Monitor 

SBC 80/10 Port I/O Exerciser 

SBC 310 Floating Point System for Use with 
SBC 80/20 

SCAN 

SCAN — 8048 — Seven Segment Display inter- 
face Subroutines 

SDK-80 Keyboard Monitor 

SDK-80 Paper Tape Punch Routine 

SDK80 TRAP 

SDK PROM Programmer 

Sequential Pascal Compiler 

Serial PROM Programmer 

Sets Horizontal Tabs on Terminet 

Shellsorting Routine 

SinX, CosX Subroutine 

Slot Machine 

SMAL:Symbo!ic Microcontroller Assembly 
Language 

SMPY16: 16-Bit 2's Complement Signed Multi- 
plication 

Snap Dump 8080 

Software Stack Routines for 8008 

Source Paper Tape to Magnetic Cassette 

SQRTF — Calculates 8-Bit Root of 16-Bit Num- 
ber 

Stage2 



Statement Counter 

STEP 

String Manipulation Package 

Structured Assembler for 8080 

Subroutine DMULT (Decimal Multiplication) 

Subroutine Log — Common Logarithms 

Subroutine SORT 

Symbol Cross-Reference 

Symbol Table 

Symbol Table Dump for Intellec 8/MOD '0 

Symbol Table List Routine 

Tabs 

Tally — Use Tally 2200 Line Printer in Assembly 
Stage of Programming 

Tally R2050 HSPTR Driver 

Tape Duplicator 

Tape Labeler for MDS 

Teleprocessing Buffer Routine 

Terminal Editor 

Terminet 300 

Terminet 1200 

Text Editor, Enhanced 

Text Storage Program 

Thermocouple Linearization (Type J) 

Thumbwheel SBC 80/10 Test Program 

Tic-Tac-Toe 

Tic-Tac-Toe ~ 3 Dimensional 

Time Sharing Communications 

TIMIT ~ Interrupt Driven Real Time Clock Rou- 
tine 

T.I. Silent 700 Interface — Intellec MDS 

T.I. Silent 700 SBC 80 Monitor Interface 

TRACE — Program Trace and Debugger 

Trace & Register Print Out 

Trace Routine 

TRACE Version 7.0 

TTY Binary Dump Routine 

TTY Binary Load Routine 

TTY Diagnostic 

Type 

Type 

Type K.T.C. LInearizer 

Utility Macros for 8080 

VDU Darts 

Video Driver 

Wipe 

Word Game, The 

WRMIN-RMX Minimal Terminal Output 
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I am interested in becoming a member of Insite™ 

Enclosed is D Check D Money Order D Purchase Order* D Program Submittal 



NAME: 



COMPANY: 
SHIPTO: _ 




SEND TO NEAREST LOCATION: 

North America 

Intel Corporation 

User's Library 6-321 

Microcomputer Systems 

3065 Bowers Avenue 

Santa Clara, California 

95051 

Ph. 408-987-8080 



Europe 

Intel International Corp. S.A. 

User's Library 

Rue du Moulin a Papier 51 

Boite 1 

B-1160 Brussels, Belgium 

Ph. 02-660-3010 

*Please refer to Intel OEM Price List for membership fee. 



Orient 

Intel Japan K.K. 
User's Library 

Flowerhill-Shinmachi, East BIdg. 
1-23-9 Shinmachi, Setagaya-ku 
Tokyo 154, Japan 
Ph. 813-426-9261 (PME & FSE) 
813-426-9267 (CS & Fin.) 
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/^SCOPE 820 
MICROPROCESSOR SYSTEM CONSOLE 



Gives coimplete control over microproc- 
essor, including single step, run-with- 
display, or run-real-time capability 

Provides a 32-bit hardware breakpoint 
with bit masking and a 256-word trace 
memory 

Executes diagnostic routines from 
^Scope 820 console overlay memory 

Provides an interface to microcomputer 
systems for troubleshooting system 
problems 

Monitors, displays, and alters register, 
memory, and I/O values for system 
under test 



Executes instrument resident software 
patch routines even when microcom- 
puter system is ROM-based 

Is a stand-alone, self-contained, rugged 
portable unit 

Human engineered with easy to read 
9-segment hexadecimal displays and 
extensive operator prompting 

Designed to support many different 
microprocessors 

Has built-in, self-test operation 



Intel's new jLtSCOPE 820 Microprocessor System Console provides equlpnnent manufacturers with a portable micro- 
computer system designed to expedite troubleshooting and maintenance of other microcomputer systems. The unit 
can control and examine system operations. Diagnostics can be automated by EPROM (erasable, programmable read 
only memories) or ROMs into the socket at the upper left of the keyboard display panel. The f^Scope 820 is a portable, 
self-contained instrument designed to provide the control, monitoring, and interaction necessary to effectively and 
quickly evaluate and debug 8-bit microcomputer-based systems in the lab, on the production line, or in the field. Con- 
nection to the user's system is through a personality probe plugged into the microprocessor socket. Each personality 
probe is unique to each microprocessor type. The instrument features many different operating and control modes, 
allowing the operator to carry out a number of functional checks on the microcomputer system under test (SUT). 
Although the unit has been specifically designed to ease the task of microcomputer system checkout for the lab, pro- 
duction line, and field technician, it also provides the more powerful analytical capabilities necessary to troubleshoot 
difficult problems by the more experienced, sophisticated user. Preprogrammed test routines resident in front panel 
PROMs, dedicated high level commands keys, visual prompting, and simplified data entry sequences all ease the 
checkout of microcomputer hardware. For more rigorous diagnostic tasks, the unit provides a 32-bit maskable hard- 
ware breakpoint with optional course of action after a breakpoint match, a 256 x 32-bit trace memory, and a 128x8 
overlay RAM that allows real-time entry of test routines via the ^Scope 820 keyboard. 
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FEATURES 

CPU Control 

The instrument provides complete control over the 
operation of the microprocessor In the system under 
test (SUT). The user CPU can be forced to halt, single 
step, reset, run real time, or run with display. All of the 
above CPU commands may be Issued without impacting 
other operational parameters or diagnostic sequences 
previously established. 

Reset/Seff-Test 

The reset and self-test features of the unit allow the 
operator to either Initialize the Instrument to a known 
state or quickly verify that the Instrument is operating 
correctly. When the console is reset, the breakpoint and 
overlay memory are disabled, the display registers are 
cleared and the specific examine modes are aborted. 

When the operator initiates the self-test of the unit, a se- 
quence of operations take place which serve to confirm 
proper operation of a majority of the instrument, 

Breakpoint Control 

The hardware breakpoint of the instrument allows the 
operator to alter the normal program flow of the SUT. 
Breakpoint logic Is implemented in hardware, thereby 
eliminating any throughput degradation of the SUT. All 
32 bits of the breakpoint condition word are maskable in 
order to allow the breakpoint condition to be as specific 
or as general as may be desired. The occurrence of a 
breakpoint match can cause an unconditional halt, 
incrementing of the pass counter, calling of a subrou-' 
tine, or the recording of a single cycle of trace data. All 
of these options are selectable via the exam action key 
prior to enabling the breakpoint. 

Trace Memory 

The console has a full 32-bit word trace memory that 
records 256 cycles of SUT operation without causing 
any delays. The trace memory provides Information 
about CPU operation just prior to a CPU halt or just prior 
to the Initiation of a panel freeze via the trace display 
key. The operator can alternatively elect to have data 
recorded on all SUT microprocessor cycles or only when 
program execution of the SUT microprocessor gener- 
ates a breakpoint match. Once the data is recorded, 
sequential examination of the data may be accom- 
plished simply by depressing the exam next or exam 
last keys. 

Overlay Memory 

A unique feature of the unit is the ability to map its 
memory onto the SUT memory space. Using the overlay 
memory allows the operator to Insert patch, exercise, or 
diagnostic subroutines at any location or point of execu- 
tion in the SUT program. The subroutine may either be 
entered via the front panel hexadecimal keypad or via 
the front panel's ROM/PROM socket. By using the unit's 
overlay memory, the operator may quickly set up the 
SUT to execute special maintenance or troubleshooting 
programs to permit rapid evaluation of system opera- 
tion. 



Address Display/Select 

A dedicated, 4-digit hexadecimal address display allows 
the following address information to be displayed: 

• The address of any memory location. 

• The I/O port number of any I/O port. 

• The address of any overlay memory location. 

• The address of the overlay memory origin assignment. 

• The address at which the breakpoint is to occur. 

• The address portion of the breakpoint mask. 

• The address of the given trace record element. 

An additional feature of the address display/select logic 
is that once the operator has initiated a given memory, 
**trace, or I/O examination, It is possible to continue the 
examination in a sequential fashion either in an ascend- 
ing or descending address value. 




Address, Data, and Control Entry 

The address, data, and control variable entry Into the 
instrument is accomplished via the conveniently located 
hexadecimal keypad. For selection of the information to 
be displayed or modified the operator enters the hexa- 
decimal value of the desired address, I/O port number, 
or label assigned to each of the registers. Once this 
entry Is made, the operator can then elect to either con- 
tinue data entry if modification is desired or press the 
end execute key if examination only Is desired. For ail 
data entry sequences potentially requiring multiple 
value entry, the ^Scope 820 Microprocessor System 
Console provides operator prompting to indicate the 
specific Information expected. 
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Value Display/Select 

The value displays provide clear and easy to use Infor- 
mation. Together with the address display, they provide 
simultaneous readout of trace vectors, breakpoint con- 
ditions and breakpoint mask values, memory contents, 
and I/O port contents. In addition, the display allows 
readout of all single and double byte register values, the 
state of CPU pins and flags, and information regarding 
the course of action following the occurrence of a break- 
point, as well as Information regarding the breakpoint 
pass count. The information displayed by the 4-digit 
hexadecimal value readouts is selected via the hexa- 
decimal keypad in conjunction with any of the instru- 
ment's eleven dedicated examine keys. Further, the 
information is either displayed statically or is con- 
tinually updated 10 times/sec if the unit is In the run- 
with-display mode. 




Binary Data Display/Modification 

All 8-bit values can be displayed in binary format on the 
instrument. The binary display operates in parallel with 
the hexadecimal display and is provided for those instan- 
ces where operator recognition is enhanced by binary 
presentation. The selection procedure for the binary 
data display is identical to that for the hexadecimal 
value display. Once the selection has been made, the 
operator may alter the value by means of further hex 
keypad entries or by changing the binary state of any of 
the data bits via the eight binary data switches. 

Front Panel 

The front panel of the /iScope 820 Microprocessor Sys- 
tem Console has been designed to be rugged and 



durable as well as easy to use and understand. A plastic 
overlay employing membrane switch contacts provides 
long lasting durability as well as protection from 
accidental spills. Audio and tactile feedback for the 
membrane switches is provided for operator conve- 
nience. Ease of use of the front panel has been further 
enhanced by human engineering with functional group- 
ing of switches as well as LEDs that prompt the 
operator during data entry sequences. Graphics have 
also been added to reinforce the functional switch 
groupings as well as data entry procedures. 

PROM/ROM Socket 

A front panel socket Is provided for mounting 2K PROMs 
or ROMs that serve as storage for preprogrammed test 
subroutines. The actual useable program space of the 
PROM/ROM is 1920 bytes. The remaining 128 bytes of 
storage, shadowed by RAM, are used by the unit to iden- 
tify up to 16 separate subroutines In the PROM/ROM 
and to define the specific instrument states and condi- 
tions under which the subroutine will be called. Each of 
the separate subroutines is uniquely enabled by the 
subroutine select (SUBR SELECT) key and the hex 
keypad. 

Power Supply 

The system console is complete with Its own fully regu- 
lated DC power supply that provides all the DC power 
required by the unit Itself, as well as that which is 
required by the associated microprocessor probe. The 
supply is completely self-contained, including its own 
AC on/off switch, line fuse, line filter, and power cord. 
An additional feature of the power supply is that it has 
been designed to permit line voltage selection in the 
field to facilitate operation with a wide range of AC line 
voltages and frequencies. 

Breakpoint Action 

Following the occurrence of a breakpoint match, the 
operator has the flexibility to execute a number of dif- 
ferent diagnostic operations. The selection of these 
alternate courses of action is accomplished by pushing 
the exam action key and then entering the assigned 
value of the specific action desired via the hex keypad. 
Further keypad entries specify the parametric value of 
the action selected such as the number of breakpoint 
pass counts or the start address of a subroutine call 
following a breakpoint. 

Probe Connection 

The instrument is intended to work with many of the 
microprocessors available today. This is accomplished 
by standardized Interface logic which transmits and 
receives various address, data, and control signals 
between the system console and the circuitry of the par- 
ticular probe. The interconnect circuitry between the 
instrument and probe has been designed to drive a 
4-foot cable that permits convenient positioning of the 
panel and the SUT. In addition, a board edge connector 
has been provided for a personality ROM that provides 
front panel definition and Interpretation of specific con- 
trol signals for different types of microprocessors. This 
personality ROM Is supplied with each probe kit. 
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FUNCTIONAL DESCRIPTION 

CPU Control 

User selectable commands permit one of four possible 
CPU operating modes: 

Run Real Time — User's CPU runs at full speed set by 
user clock. No wait states or cycle stealing are required. 

Run with Display — User's CPU runs at full speed, 
except that 10 times/sec the instrument halts user's 
CPU temporarily to acquire display data. Worse case 
throughput is 95% of real time operation. 

Halt — User CPU halted at next opcode fetch. DMA 
activity Is permitted during halt. 

Single Step — User CPU executes one instruction then 
halts. 

Breakpoint Control 

The breakpoint condition is set by a 32-bit word (16-bit 
address, 8-blt data, 8-bit status). The breakpoint mask is 
also set by a 32-bit word which is bit selectable. There 
are three courses of action following a breakpoint 
match: 

1. Halt on first opcode fetch following breakpoint 
match. 

2. Halt on first opcode fetch following Nth breakpoint 
match 1<N<256. 

3. Execute subroutine beginning at first opcode fetch 
following breakpoint match. 

All breakpoint actions following a match are controlled 
by the breakpoint enable/disable switch except for trace 
recording and the sync trigger output. The sync output 
is a negative true TTL output occurring whenever a 
breakpoint match occurs. 

Trace Memory 

The trace memory is a 256-word memory with each word 
consisting of 16 address bits, 8 data bits, and 8 status 
bits. The memory is a circular buffer which records the 
last 256 cycles (words) prior to a user CPU halt or dis- 
play trace command. Trace data can be recorded on all 
CPU cycles or only when breakpoint matches occur 
(independent of breakpoint enable/disable status). In 
addition, the operator may initiate a panel freeze to tem- 
porarily stop all trace data recording, and allow display 



of previously recorded data without halting the user 
CPU. 

Overlay Memory 

The /iScope 820 Microprocessor System Console allows 
memory read/writes of the user CPU in any assigned IK 
or 2K block to be made to the instrument's overlay 
memory. For IK block assignments, the first 128 bytes 
reside in the instrument's RAM memory while the 
remaining 896 bytes reside in the interchangeable front 
panel ROM/EPROM (either Intel's 2716 EPROM or Intel's 
2316E ROM). For 2K block assignments, again the first 
128 bytes are from RAM and the remaining 1920 bytes 
are from the front panel 271 6/231 6E. 

Data Entry 

All single and double byte items may be entered via the 
front panel hexadecimal keypad. In addition, all single 
byte items may be optionally entered via eight binary 
input keys. 

Data Display 

Eight hexadecimal 0.5 in. LEDs are provided for the 
simultaneous display of 4 bytes of information. The dis- 
plays are physically separated into two groups. The first 
group displays 2 bytes of address, while the second 
group displays CPU data, status, single and double byte 
register values, or single and double byte breakpoint 
values. In addition, eight binary displays are used to pro- 
vide quick recognition of single byte binary data 
patterns. 

Self Test 

The necessary hardware and software have been incor- 
porated into the instrument to facilitate the self- 
checking of the majority of its operations. Included in 
these self tests are: 

• Bit tests of all breakpoint condition and mask latches. 

• Bit tests of all RAM. 

• Verifies checksum on all operating system ROMs. 

• Clears trace memory and performs bit test on trace 
RAM. 

• Checks miscellaneous I/O ports and peripheral com- 
ponents 

• Lights all front panel displays for user verification. 



SPECIFICATIONS 

Commands 

Reset 

Self test 

CPU reset 

Run real time 

Run with display 

Halt 

Single step 

Enable/disable breakpoint 

Enable/disable overlay 



Enable trace all cycles 
Enable trace at breakpoint 
Examine/modify value 

— Single registers 

— Double registers 

— CPU states 

— Breakpoint pass count 
Examine/modify memory 
Examine/modify I/O 
Examine/modify overlay memory 
Examine/modify next location 
Examine/modify last location 
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Examine/modify breakpoint condition 

Examine/modify breakpoint mask 

Examine/nnodify breakpoint action 

Examine/modify overlay origin 

Display trace data 

Clear entry 

Continue 

End/execute 

Subroutine select 

Connection 

Four external connections to the fiScope 820 Microproc- 
essor System Console are provided: 
1.2m (4 ft), 50 conductor flat cable — for connection to 
the microprocessor probe 

20-pin board edge connector — for the probe personal- 
ity PROM 

24-pln zero force insertion sockets — for overlay 
EPROM/ROM 
Recessed pin — for breakpoint sync output 

Breakpoint 

Pulse Width — 180 ns typ 
Output High — 2.5V min, - 1.2 mA 
Output Low — 0.5V max, 24.0 mA 

Physical Characteristics 

Width — 18-7/8 in. (479 mm) 
Length — 15-1/2 in. (394 mm) 



Height (top closed) — 6-5/8 in. (168 mm) 
Height (top removed) — 4-5/8 in. (117 mm) 
Weight — 20 lb (9.1 kg) 

Electrical Characteristics 

Voltage - 100, 120, 220, 240 - 10% -»- 5%, 1 10V AC max 
Frequency — 48-63 Hz 

Environmental Characteristics 

Operating Temperature — 0°C to 55*0 (32**F to ISO^F) 
Storage Temperature — -40X to 75X (-40'*F to 
167*' F) 

Humidity — 95% RH, 15X to 40X (59 ''F to 104 **F) non- 
condensing 

Accessories Supplied 

Two keys 

One fuse for 220/240V operation 

One 2.3m (7.5 ft) power cord 

Reference Manuals 

9800526A — ^Scope 820 Operator's Handbook 
(SUPPLIED) 

Reference manuals are shipped with each product only 
if designated SUPPLIED (see above). Manuals may be 
ordered from any Intel sales representative, distributor 
office or from Intel Literature Department, 3065 Bowers 
Avenue, Santa Clara, California 95051. 



ORDERING INFORMATION 

Part Number Description 

USC-820 Microprocessor system console 



12-107 



Intel 



f^SCOPE PROBE 8080A 



Provides interconnection for 8080A 
microprocessor-based systems to 
fiScope 820 Microprocessor System 
Console 



Provides complete control over system 
under test (SUT), yet causes minimal 
interference with SUT operation 



Comes complete with cable, buffer box, 
personality ROM, and /itScope 820 
system console overlay 



Fits securely in console carrying case 
during transit 

Provides complete protection for plug 
pins during transit 

Connects via 4-foot cable to jitScope 820 
console 

Has user system interconnect cable 
with integral ground plane for low noise 
operation 

Operates over broad range of environ- 
mental conditions 



The ^Scope Probe 8080A provides the juScope Microprocessor System Console with the ability to interact with 8080A 
microcomputer-based systems. The purpose of the probe is to interface the ^Scope 820 console to the CPU of the 
system under test (SUT). All of the interface signals and the associated circuitry have been designed to be effectively 
transparent to the SUT. CPU data, address, and clock lines are sensed by the probe 8080A, with only the CPU ground 
lines being switched. In addition, all SUT loading and timing degradations have been minimized by specially designed 
buffer circuitry. The mechanical design of the probe is compact, rugged, and allows proper operation of the probe and 
the console over the full ambient range specified. The buffer circuitry and the ground plane design of the Interconnect 
cable provide low noise electrical signals while allowing the SUT to be four feet from the system console. 
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SPECIFICATIONS 

fiScope 820 Console Configuration 

Several features of the console are directly determined 
by the probe being used with it. The instrument features 
that are determined by the 8080A interface probe are: 

Single Registers — A, B, C, D, E, H, L 
Double Registers — BC, DE, HL, PC, SP 

CPU States - Flags, CPU pins (SYNC, RESET, HLDA, 
HOLD, READY, INT, INTE) 

Trace/Breakpoint Word Size ~ 32 bits with 16 bits of 
address, 8 bits of data, and 8 bits of CPU status. 

i^Scope 820 Console Interconnect 

The probe interconnection to the ^(Scope 820 console is 
accomplished via a 4-foot (1.2m) flat cable. 50-pln mat- 
ing connectors plug into a board edge conector in the 
power cord compartment of the Instrument and into a 
flat cable connector on the buffer box. 



System Under Test (SUT) Interconnect 

Interconnection from the buffer box to the SUT Is 
accomplished with a 16-inch (406 mm) flat cable, com- 
plete with an integral ground plane, which is terminated 
with a low profile 40-pin DIP connector. The DIP connec- 
tor is inserted into the SUT 8080A socket and the 8080A 
itself is plugged into the 40-pin socket provided on the 
probe buffer box. 



Connections 

Three external connections to the probe are provided: 
50-pin flat cable connector on buffer box 
40-pin zero insertion socket for the 8080A 
40-pin low profile replaceable IC DIP connector for con- 
nection to SUT 

Accessories Supplied 

One f/Scope 820 system console overlay 

One personality ROM 

One hardware reference manual 

Physical Characteristics 
Probe Buffer Box 

Height: 0.75 in. (19 mm) 
Length: 7.25 in. (184 mm) 
Width: 3.75 in. (95 mm) 



User System Interconnect Cable 

Width: 2V4 in. (57 mm) 

Length: 16 in. (406 mm) fiat cable 

p/Scope 820 Console Personality ROM PC Card 

Height: 3/4 in. (19 mm) 
Width: 2V4 in. (57 mm) 
Length: 3V4 in. (83 mm) 

Electrical Characteristics 

All DC specifications are in addition to user system 
parameters. All capacitance values include cables and 
connectors. 



Non-Intercepted Signals 


01, 02 


±10ptA max; 55 pF typ 


Ai5-Ao, D7-D0 


- 0.25 mA max @ 0.45V; 30 ^A max 




@ 5.25V; 49 pF typ 


-I-12V Supply 


15ptA max 


WAIT 


35 pF typ (capacitance loading only) 



Intercepted Signals 



Outputs to User System 



SYNC 

HOLDAJNTE, 
DBIN,andWR 



20 mA min @ 0.5V; -1 mA min 
2.7V; 40 pF typ 

4 mA min @ 0.4V; -0.2 mA min 
2.7V; 40 pF typ 



Inputs from User System 



INT, READY, 

RESET 

HOLD 



40 jLtA max @ 2.7V; - 0.72 mA max i 
0.4V; 50 pF typ 

60 \xlK max @ 2.7V; - 1.08 mA max ( 
0.4V; 50 pF typ 



Power Requirements — Power supplied by ^Scope 820 
Microprocessor System Console. 

Environmental Characteristics 
Operating Temperature — 0"C to 55 X (32 *F to 130'F) 
storage Temperature — -40X to 75°C (-40*F to 
167«F) 

Humidity — 95% RH, 15*0 to 40'C (59*'F to 104^F) non- 
condensing 

Reference IVIanuals 

9800526 — MScope 820 Operator's Manual (SUPPLIED) 

Reference manuals are shipped with each product only 
if designated SUPPLIED (see above). Manuals may be 
ordered from any Intel sales representative, distributor 
office or from Intel Literature Department, 3065 Bowers 
Avenue, Santa Clara, California 95051. 



ORDERING INFORMATION 
Part Number Description 

PRB-80 8080A Interface probe 
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mSCOPE'" probe 8085 



Provides interconnection for both 8085 and 8085A 
l\/licroprocessor-based Systems to the idScope^" 
l\/licroprocessor System Console 

Comes complete with cable, buffer box, personality 
ROM, and //Scope system console overlay 

Has user system interconnect cable with integral 
ground plane for low noise operation 

Increases diagnostic capability via four user 
positioned external inputs 



Operates over a broad range of environmental 
conditions 

Provides complete control over the system under 
test, yet causes minimal interference with system 
under test operation 

Fits securely in the console carrying case during 
transit 

Provides complete protection for plug pins during 
transit 



The probe 8085 provides the /uScope Console with the ability to interact with 8085 and 8085A Microcomputer-based 
systems. The purpose of the probe is to interface the ^Scope Console to the CPU of the system under test (SUT). All of the 
interface signals and the associated circuitry have been designed to be effectively transparent to the SUT. CPU data, 
address, and clock lines are sensed by the probe 8085, with only the CPU control lines being switched. In addition, all SUT 
loading and timing degradations have been minimized by specially designed buffer circuitry. 

The mechanical design of the probe is compact, rugged, and allows proper operation of the probe and the console over the 
full ambient range specified. The buffer circuitry and the ground plane design of the interconnect cable provide low noise 
electrical signals while allowing the SUT to be 4 feet from the system console. 

The probe can be reconfigured to test either 8085 or 8085A microprocessor-based systems. The user can operate the 
microprocessor from either the system under test crystal or one adjacent to the probe 8085 CPU socket. User control of the 
probe interaction with CPU control signals insures maximum compatibility with the system under test. Test and diagnostic 
capability is increased by integrating four external inputs into the probe 8085. 
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GENERAL 

/uSCOPE CONSOLE INTERCONNECT 

The probe interconnection to the ^Scope Console is 
accomplished via a 1.2m (4 ft.) flat cable. 50-pin mating 
connectors plug into a board edge connector in the power 
cord compartment of the instrument and into a flat cable 
connector on the buffer box. 

SYSTEM UNDER TEST (SUT) INTERCONNECT 

Interconnection from the buffer box to the SUT is 
accomplished with a 200mm (8 in.) flat cable, complete 
with an integral ground plane, which is terminated with a 
low profile 40-pin DIP connector. The DIP connector is 
inserted into the SUT 8085 socket and the 8085 itself is 
plugged into the 40-pin socket provided on the probe 
buffer box. 

mSCOPE CONSOLE CONFIGURATION 

Several features of the ^uScope Console are directly de- 
termined by the probe being used with it. The features that 
are determined by the 8085 interface probe are: 

• Single Registers: A, B, C, D, E, H, L 

• Double Registers: BC, DE, HL, PC, SP 

• CPU States: Flags, CPU pins, Interrupt Masks, and 
Interrupt States 

• Trace/Breakpoint Word Size: 32 bits with 16 bits of 
address, 8 bits of data and 8 bits of CPU status 

• 4 external inputs included in the 8 bits of CPU status for 
examining, recording in trace memory, and trans- 
ferring control 

ELECTRICAL SPECIFICATIONS 

All DC specifications are in addition to user system 
parameters. All capacitance values include cables and 
connectors. 

Non>lntercepted Signals 

x1, x2, reset out 16pF typical 

AD0-AD7, A8-A15 -0.25 mA max @ 0.45V; 10 /xA max 
@ 5.25V; 26 pF typical 

SID 40 /xA max @ 2.7V; -0.6 mA max 

@ 0.4V; 20 pF typical 

SOD 20 iiA max @ 2.7V; -0.4 mA max @ 

0.4V; 20 pF typical 

Intercepted Signals 

Output to user system: 

ALE 1 9 mA max @ 0.5 volt; -900 juA max @ 

2.7 volt 

CLK 2 mA max @ 0.64 volt; -400 iuA max @ 

2.6 volt 

SSO, SSI 8 mA max @ 0.5 volt; -400 /xA max @ 

2.7 volt 

RD, WR, lO/M 24 mA max @ 0.5 volt; -2.6 mA max @ 
2.4 volt 



21 mA max @ 0.5 volt; -3.6 mA max ( 
2.4 volt 



INTA 
HLDA 
All Output Signals have capacitance of 20pF typical 



6 mA max @ 0.5 volt; -350 nA max @ 
2.7 volt 



-0.8 mA @ 0.4V; 40 mA max @ 2.7V; 
20 pF typical 



Inputs from user system: 

RESET IN, 
READY, HOLD, 
RST 6.5, RST 5.5, 
INTR, TRAP 

RST 7.5 -0.88 mA @ 0.4V; -0.25 mA max @ 

2.7V; 20 pF typical 

External Inputs: 
XIO, X!1, XI2, XI3 -0.25 mA max @ 0.45V; 10iuAmax@ 

5.25V; 2.4V min Input High Voltage; 

0.85V max Input Low Voltage 
CONNECTIONS 

Three external connections to the probe are provided: 

• 50-pin flat cable connector on buffer box 

• 40-pin zero insertion force socket for the 8085 SUT 
CPU 

• 40-pin low profile replaceable IC DIP connector for 
connection to SUT 

CHARACTERISTICS 

PHYSICAL CHARACTERISTICS 

Probe Buffer Box: 

Height: 22mm (7/8 in.) 

Length: 208mm (8-1/4 in.) 
Width: 116mm (4-5/8 in.) 

User System Interconnect Cable: 

Width: 57mm (2-1/4 in.) 
Length: 200mm (8 in.) flat cable 

)uScope Console Personality ROM PC Card: 

Height: 19mm (3/4 in.) 
Width: 57mm (2-1/4 in.) 

Length: 86mm (3-1/4 in.) 

POWER REQUIREMENTS 

Power supplied by juScope Microprocessor System 
Console. 

ENVIRONMENTAL CONDITIONS 

Operating Temperature: 0° to 50° C (32° to 122°F) 
Storage Temperature: -40° to 75° C (-40° to 167°F) 
Humidity: 95% RH, 15° to 40°C (59° to 

104°F) noncondensing 

ACCESSORIES SUPPLIED 

One Probe 8085 overlay for the /xScope System Console 

One Personality ROM 

One Operator's Manual 

Four Test Probes for the External Inputs 



ORDERING INFORMATION 
Part Number Description 

PRB-85 8085 Interface Probe 
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INTRODUCTION 

Intel provides complete training for all its system related products. Courses are given regularly at Intel's training 
centers located in Santa Clara, California; Boston, Massachusetts; and Chicago, Illinois. These training centers are 
staffed by highly trained and experienced instructors. This section describes the overall program for microcomputer 
training and provides outlines for the following courses offered by Intel. 



TABLE OF CONTENTS 

Microcomputer Training Programs 14-3 

INTRODUCTORY LEVEL 

Introduction to Microcomputers 14-4 

Microcomputer Concepts (2 days) 14-5 

Development System Operations (3 days) 14-5 

INTERMEDIATE LEVEL 

MCS-80/85 System 14-6 

PL/M-80 Language/Software Design 14-7 

MCS-86 System 14-8 

PL/M-86 Language/Software Design 14-9 

MCS-48 System 14-10 

ADVANCED LEVEL 

RMX/80 System 14-11 

Advanced MCS-86 Assembly Language 14-12 

iSBC Design Project 14-12 
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Courses presented at training centers 
and customer facilities 



Training center locations 

— Boston 

— Chicago 

— Santa Clara 

Scheduled on a continuing basis 
throughout the year 



Evening workshops 



On-site courses tuned to customer 
requirements 

System demonstration 

Hands-on laboratory sessions reinforce 
lecture 

Training center classes limited to 15 
attendees 

Intellec microcomputer development 
systems with in-circuit emulators used 
in laboratory 



Microcomputers are being used in hundreds of applications from simple controllers to complex data processing 
systems. To enable users to bring microcomputers into their applications, Intel offers a selection of workshops 
designed to provide users with the tools for making optimum use of Intel microcomputers in system development. 
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INTRODUCTION TO MICROCOMPUTERS 

This workshop offers five days of lectures, questions and answers, practical learning, and hands-on training with your 
own microcomputer. You'll learn the fundamentals and general uses of microprocessors, and the basics of 
microcomputer-based design. The best learning will come from using and programming an operating SDK-85 System 
Design Kit (described below). When the training session is completed, an SDK-85 kit is yours to keep. 

Attendees: One who has limited programming and design experience, and does not need to learn about development 
systems. A background in electronics is helpful but not necessary. (Maximum attendance is 20.) 



Day 1 

Introduction to Microcomputers 

Computer Ogranization 

Instruction Execution 

Lab— Using Microcomputers 

Day 2 

Elementary Programming 

Microcomputer interfacing 

Lab— Audio Oscillator Using 

Digital Techniques 
Day 3 

Computer Arithmetic 
Conditional Jumps 
Stacks and Subroutines 
Push/Pop 

Lab— Using Monitor Routine 
Day 4 
Interrupts 

Computer Kit Hardware 
Memory Systems 
Decimal Arithmetic 
Lab— A Digital Clock 
Day 5 
Introduction to 

Single Chip Microcomputers 
Introduction to High 

Level Langnuages 
Introduction to 16-Bit 

Microcomputers 
Survey of Programming Aids 



SPECIAL OFFER! 






'''''i'i''ni it 



^ y u 

Included in the price of ttie course is 
an SDK-85 kit whicfi includes: 
3 MHz CPU (enfianced 8080) 
Keyboard— -24 keys 
Display— -6 digits 
Monitor ROM 2048 bytes 
RAM Memory 256 bytes 
38 I/O lines 
Teletype interface 
Complete documentation 



Table 1. Introduction to Microcomputers Course Outline 
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Microcomputer Concepts Workshop 

The student will learn microcomputer terminology, run a microcomputer program, and gain insight in the development 
process and selecting the most appropriate microcomputer for an application. 

Attendees: Project leaders, managers, administrative staff, or non-technical personnel who need a better understanding 
of microcomputer fundamental concepts. 



Day1 


Day 2 


Introduction 


Review 


Terminology 


Single Chip Design Example 


SDK-85— Microcofliputer Experiment 


ISBC Design Example 


iSBC Demonstration 


Hardware/Software Tradeoffs 


Development System Laboratory 





Table 2. Microcomputer Concepts Workshop Course Outline 



Development System Operations Workshop 

This lab-intensive workshop teaches the student how to operate the Intellec Microcomputer Development System and 
the ISIS (Intel Systems Implementation Supervisor) disk operating system. Laboratory operations include editing data 
files, assembling and compiling programs, using relocation and linkage facilities, and identifying the correct docu- 
mentation. This is not a programming course. 

Attendees: A programmer who will be using the Intellec MDS. In addition, the technician, programmer-aid, or clerk who 
needs to operate the Intellec MDS can benefit from this course. 



Day1 
Introduction 


Day 3 
Review 


System Installation, 

Interconnections, Power-Up 
Utility Commands-CQPY, 

DELETE, RENAME, 

DIR, ATTRIB 


Link/Locate 
Diagnostic Programs 
BASIC-80 
Identify Manuals 


Day 2 
Review 




Edit-Build and Modify a File 

Compile 

Assemble 





Table 3. Development System Operations Workshop Course Outline 
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COURSE DESCRIPTIONS 

MCS-80/85 System Workshop 

This workshop will prepare the student to design and 
develop a system using Intel 8080/8085 microproces- 
sors by means of lectures, demonstrations, and labora- 
tory "hands-on" experience with the Intellec Microcom- 



puter Development System and an in-circuit emulator. 
The course outline for this workshop is presented in 
Table 4. 

Prerequisites: A knowledge of binary and hexadecimal 
number systems and basic logic functions is recom- 
mended. 



Day 1 


8085 Timing 


Introduction 


a. Ready/Wait 


a. Microprocessor System 


b. DMA/Hold 


1. Function 


8085 Interrupts 


2. Organization 


a. RST 5.5, 6.5, 7.5 


3. Programming 


b. Trap 


b. Central Processor Overview 


c. RIM, SIM 


1. Functional Sections 


8080 vs. 8085 


2. Programming Model 


a. 8080 Chip Set 


3. Execution Sequence 


1. 8228/8238 System Controller 


Assembly Language Instructions 


2. 8224 Clock Generator 


a. Input/Output 


b. 8080 Bus Structure 


b. Register/Memory Reference 


c. 8080 Instruction Timing 


0. Arithmetic, Logical, Rotates 


Memory Interfacing 


Input/Output Techniques 


a. RAM/ROM/PROM Address 


a. Programmed I/O 


Decoding 


b. Interrupt I/O 


b. 8708 PROM/8185 RAM 


c. Direct Memory Access 


Laboratory 

a. Program Design Using 


Programmed Input/Output 


a. Status Request 


Development System 


b. Command 


b. Program DEBUG Under Disk 


c. Data Transfer 


Operating System 


Development System 

a. Function 


Day 4 


b. System Monitor 

c. Disk Operating System 


8085 CPU Set 

a. 8085 Bus Structure 

b. 8355/8755 ROM/EPROM 


Debugging With the System Monitor 


and I/O 


a. Break Points 


c. 8155 RAM/Timer and I/O 


b. Examine Registers 


I/O Design 


Laboratory 


a. Memory-mapped 


a. Using the System Monitor 


b. 8255 Parallel Interface 


b. Program Instruction Sequences 


c. 8251 Serial Interface 


c. Debugging and Break Points 


In-Circuit Emulator 


Day 2 


a. Prototype Development 


Basic CPU Timing 


b. Resource Sharing 


a. Instruction Fetch 


c. Mapping Commands 


b. Bus Structure 


d. Utility Commands 


c. Read/Write Timing 


e. Debug Commands 


Subroutines 


f. Emulation Syntax 


a. Invocation 


Laboratory 


b. Stack Memory 


a. Use of the In-Circuit 


c. Parameters 


Emulator for System 


Interrupt System 


Debugging 


a. Description 


Days 

Relocation and Linl(age 


b. RST Instruction 


c. Service Subroutines 


a. ISIS-II LINK and LOCATE 


Disk Operating System Modules 


Commands 


a. Macro Assembler 


b. Relocatable Libraries 


b. Text Editor 


c. Parameter Passing 


c. File Utility Commands 


d. System Design 


Laboratory 


Macros 


a. Using the Disk Operating System 


Single Board Computers 


b. Program Assembly and Execution 


a. Use as a System 


Day 3 


Component 


Programming Techniques 


b. Parallel I/O Options 


a. Branch Tables 


c. Serial I/O Options 


b. Direct Load/Store Instructions 


d. Interrupt System 


c. Special Purpose Instructions 


e. Family Boards 



Table 4. MCS-80/85 System Workshop Course Outline 
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PL/M-80 Language/Software Design 
Workshop 

This workshop will prepare the student for designing, 
developing, and debugging modular PL/M-80 programs, 
by means of lectures, demonstrations, and laboratory 
"hands-on" experience with the Intellec Microcomputer 



Development System and an In-circuit emulator. The 
course outline for this workshop is presented in Table 5. 

Prerequisites: A knowledge of binary and hexadecimal 
number systems and basic logic functions is required. 
To attain maximum benefit from course presentation, 
some background In logic design and computer pro- 
gramming is recommended. 



Day1 


c. Program Construction 


Introduction 


Data References 


a. Preview of Course 


a. Based Variables 


b. Overview of PL/M, Linking and 


b. Variable Equivalencing 


Relocation 


Blocks 


c. Why use a High Level Language 


a. Concept and Use 


Definitions 


b. Scope of Declarations 


Symbols, Identifiers, Reserved 


Predeclared Procedures 


Words, Comnnents, Data Elements, 


a. TIME, MOVE, LENGTH, LAST and 


Expressions, Statements, 


SIZE Procedures 


Declarations 


b. Type Transfers 


Data Elements 


c. Shifts and Rotates 


Variables, Subscripted Variables, 


The Memory Array and STACKPTR 


Data Type, Constants 


Variables 


Operators, Operations and Priorities 


Laboratory 


Arithmetic and Boolean 


a. Compile and Locate Program 


Evaluating Expressions 


b. Execute Program 


Statements 




Redefine, Basic, Conditional 


Day 4 
Review 


Assignment 


a. Implement a Given Algorithm in 
PL/M 


Modular Implementation 


a. Compilation Modules 


Day 2 


b. Modular Programming 


ISIS-II Disc Operating System 


ISIS-II Link 


a. Components of System 


a. Invoking Link 


ISISII File Structure 


b. Link Options 


a. System Files 


c. Assembly Object Modules 


b. User Files 


In-Circult Emulator 


c. Device Files 


a. Definition 


d. Directory and File Attributes 


b. System Overview 


ISIS-II Commands 


1. Memory and I/O Mapping 


a. CUSPS— Commonly Used 


2. Breakpoint Capability 


System Programs 


3. Dynamic Tracing 


b. Directory and Attribute 


4. Control Block 


Commands 


In-Circuit Emulator Software Driver 


c. Rename and Delete Commands 

d. Creating System and 
User Discs 


a. Modes 

b. Commands 


ISIS-II Editor 


System Debugging Examples 


a. Definition of Terminology 


System Demonstration 


b. Invoking the Editor 


Laboratory 


c. Editor Commands 


a. Locate 


d. Editing Existing Files 


b. Load and Emulate Using 


ISIS-II PL/M 80 Compiler 


In-Circuit Emulator 


a. Invoking PL/M 




b. Compiler Options 


Days 


ISISII Locate 


Review 


a. Invoking Locate 


Interrupt Procedures 


Laboratory 


Reentrant Procedures 


a. Introduction to ISIS-II Disc 


ISIS-II Librarian 


Operating System 


a. Creating a Library 


b. Creating a PUM Source File 


b. Managing a Library 


c. Compiling a PL/M Program 


1. Adding Modules 


d. Locating and Executing a PL/M 


2. Deleting Modules 


Program 


ISIS-II System Interfaces 


Days 


a. System Library 


Review 


Discussion of Selected Programs 


Procedures 


Laboratory 


a. Declaration 


a. Create a Library 


b. Invocation 


b. Link Object to a Library 



Table 5. PL/M-80 Language/Software Design Workshop Course Outline 
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MCS-86 System Workshop 



This workshop will prepare the student to develop as- 
sembly language programs and design systems based 
on the Intel 8086 microprocessor through the use of lec- 
ture, demonstration, and laboratory "hands-on" experi- 



ence with the SDK-86 and the Intellec Microcomputer 
Development System. The course outline for this work- 
shop is presented in Table 6. 

Prerequisites: The student has programmed a com- 
puter in assembly language and, preferably, is familiar 
with the 8080/8085 microprocessor. 



Day 1 
Introduction 

a. Microcomputer system 

1. Function 

2. Memory organization 

3. Interfacing 

b. Central processor overview 

1. Programming 

2. Instruction format 

Assembly Language Instruction 

a. Register and data operations 

1. 8-bit 

2. 16-bit 

b. I/O operations 

System Design Kit (SDK-86) 

a. Demonstration 

b. Debugging 

Laboratory 

a. Using the SDK-86 

Day 2 

Review 

CPU Architecture 

a. Addressing modes 

Procedures 

a. Invocation 

b. Stack management 

c. Parameters 

Day 3 

Review 
8086 CPU 

a. Block diagram 

b. Signal description 

Interrupt System 

a. Description 

b. Signal pins 



8259A — Priority Interrupt Control Unit 
Development System 

a. ISIS 

b. Editor 

c. Demonstration 

Laboratory 

a. Using the development system 

Day 4 

Review 

Programming for Large Systems 

a. Segmentation registers 

b. Assembler 

c. Linkage 

d. Locate 

Laboratory 

a. Assembler programming techniques 
Programming 

a. Arithmetic 

b. String operators 

Days 

CPU Timing 

a. Read cycle 

b. Memory access time 

c. Write cycle 

8284 — Clocic Generator 
8288 — Bus Controller 
8282/3 — Octal Latch 
8286/7 — Octal Transceiver 

Single Board Computer 

a. Design example 

Other 8086 Configurations 
Introduction to PL/M-86 
Application Techniques 



Table 6. MCS-86 System Workshop Course Outline 
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PL/M-86 Language/Software Design 
Workshop 



This workshop will prepare the student for designing, 
developing, and debugging modular PL/M-86 programs 
using lecture, demonstration, and laboratory "hands- 
on" experience with the Intellec Microcomputer Devel- 



opment System. The course outline for this workshop is 
presented in Table 7. 

Prerequisites: A knowledge of binary and hexadecimal 
number systems and basic logic functions is required. 
To attain maximum benefit from course presentation, 
some background in logic design and computer pro- 
gramming is recommended. 



Day1 


Procedures 


introduction 


a. Declaration 


a. Preview of course 


b. Invocation 


b. Overview of PUM, linking and 


c. Program construction 


relocation 


Data References 


c. Why use a high level language 


a. Based variables 


Definitions 


b. Variable equivalencing 


a. Symbols, identifiers, reserved 


c. Pointer type 


words, comments, data ele- 


Statement Labels 


ments, expressions, statements. 


Unconditional Transfers 


declarations 




Data Elements 


Blocks 


a. Variables, subscripted variables, 
constants 


a. Concept and use 

b. Scope of declarations 


c. Modular compilation 


Data Types 


d. Modular program 


a. Logical, integer, real 


ISIS-II LINK-86 


Operators, Operations and Priorities 


a. Invoking LINK-86 


a. Arithmetic and boolean 


b. Link options 


Evaluating Expressions 


c. Assembly object modules 


Statements 


Laboratory 


a. Redefine, basic, conditional 


a. Compile program modules 




b. Link and locate modules 


Assignment 


c. Execute program 


a. Implement a given algorithm in 




PUM 




Day 2 


Day 4 




Review 


ISIS-II Disk Operating System 


ISIS-II LIB-86 


a. Components of system 


a. Creating a library 


ISiS-il File Structure 


b. Managing a library 


a. System files 


1. Adding modules 


b. User files 


2. Deleting modules 


c. Device files 

d. Directory and file attributes 


String Operations 

a. Move bytes or words 


ISIS-II Commands 


b. Compare bytes or words 


a. CUSPS — Commonly Used Sys- 


c. Find bytes or words 


tem Programs 


d. Skip bytes or words 


b. Directory and attribute com- 


The LOCKSET Procedure 


mands 


a. Excluding mutual access 


c. Rename and delete commands 




d. Creating system and user disks 


Laboratory 




a. Create a library 


ISIS-II Editor 


b. Link object to a library 


a. Definition of terminology 


c. Locate 


b. Invoking the editor 




c. Editor commands 




d. Editing existing files 


Days 


ISIS-II PUM-86 Compiler 


Review 


a. Invoking PUM 


Interrupt Procedures 


b. Compiler options 


Reentrant Procedures 


ISIS-II LOC-86 


Predeclared Procedues 


a. Invoking LOC-86 


a. TIME, MOVE, LENGTH, LAST and 


Laboratory 


SIZE procedures 


a. Introduction to ISIS-II disk oper- 


b. Type transfers 


ating system 


c. Shifts and rotates 


b. Creating a PUM source file 


The Memory Array and STACKPTR 


c. Compiling a PUM program 


Variables 


d. Locating and executing a PUM 


Discussion of Selected Programs 


program 






Laboratory 


Day 3 


a. Execution and debugging of se- 


Review 


lected programs 



Table 7. PL/M-86 Language/Software Design Workshop Course Outline 
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MCS-48 System Workshop 



emulator. The course outline for this workshop is pre- 
sented in Table 8. 



This workshop will prepare the student to design and 
develop a system using the Intel 8049 microprocessor, 
by means of lectures, demonstrations, and laboratory 
"hands-on" experience with the Intellec Microcomputer 
Development System, the PROMPT-48, and an in-circuit 



Prerequisites: A knowledge of binary and hexadecimal 
number systems and basic logic functions is required. 
To attain maximum benefit from course presentation, 
some background in logic design or computer program- 
ming is recommended. 



Day1 


b. Bus Timing for Peripheral Devices 


Orientation 


Peripherals and Design 


Introduction 


a. Expanding Memory 


a. Microprocessor System 


1. Program Memory (1, 2K ROMs) 


1. Function 


2. Data Memory (RAMs) 


2. Organization 


b. Expanding Ports (8243) 


3. Programming 


1. Device Characteristics 


b. 8048 Overview 


2. Software Control of Ports 


1. Functional Sections 


c. Combination Chips 


2. Programming IVIodel 


1. 8155 RAM and I/O Chip 


3. Execution Sequence 


2. 8355, 8755 ROM and I/O Chip 


Assembly Language Instructions 


d. Peripheral Interfacing (Parallel) 


a. I/O Instructions 


1. 8255 Parallel I/O 


b. Data Move Instructions 


2. 8279 Keyboard and Display 


c. Increment/Decrement Instructions 


Interface 


d. Branch Instructions 


— Keyboard Scanning 


e. Worksession No. 1 


Techniques 


f. Accumulator Group Instructions 


— Display Refresh 


1. ADD/ADDC 


Laboratory Exercise 


2. Logicals 


a. Edit and Assemble Using DOS 


PROMPT-48 


b. Execute Using PROMPT-48 


a. Function 




b. Operation 
Laboratory Exercise 

a. Program Entry and Execution 
Using PROMPT-48 


Day 4 

f>eripherals and Design 

a. Peripheral Interfacing (Serial) 


Day 2 

Assembly Language Instructions 


1. Transmission Formats 


2. Asynchronous Operation 

3. RS232C Interface 


a. Accumulator Group Instructions 
1. Flags 

p Rotatp«? 


In-Circuit Emulator 


a. Prototype Development 


b. Specials (XCH, DA, SWAP) 

c. Worksession No. 2 


b. Resource Sharing 

c. Commands 


d. Subroutines 


1. Mapping 


1. Invocation 


2. Utility 


2. Stack Operation 
e. Interrupt System 
1. Description 


3. Interrogation 

4. Emulation 
Laboratory Exercise 


2. Service Subroutines 

3. Multiple Source Systems 


a. Use of the In-Circuit Emulator 
for System Debugging 


Development System 




a. Function 


Days 


b. Disk Operating System 


8048 Family 


Text Editor and Macro Assembler 


a. 8049 


a. Function 


b. 8041 


b. Operation 


1. 8041/8048 Difference 


Laboratory Exercise 


2. 8041 Slave/Master Protocol 


a. Bootstrap Procedures 


c. 8021 


b. Create, Edit, and Assemble 


d. 8022 


Source Program 


Analog Interfacing 


c. Execute Program 


a. Successive Approximation A/D 


Day 3 


b. A/D, D/A Chips 


System Timing 


c. A/D Design 


a. Basic Timing and Timer 


Laboratory 



Table 8. MCS-48 System Workshop Course Outline 
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RMX/80 Real-Time Multi-Tasking Executive 
System Workshop 

This workshop will cover the concepts of multi-tasking, 
I.e., what a task is, concurrency of tasks, asynchronous 
events, priorities and scheduling, resource sharing, 
interrupts, and inter-task communication. Also included 
will be discussions on sytem design, writing tasks. 



system generation, and debugging. The course outline 
for this workshop is presented in Table 9. 

Prerequisites: Prior attendance at the PL/M-80 lan- 
guage/software design workshop. This may be satisfied 
with an equivalent knowledge of PL/M-80 language and 
compiler, ISIS-il utility facilities, ISIS-II relocation facili- 
ties, and modular systems programming. 



Day 1 


Implementing an RMX Tasl((s) 


introduction 


Module 


What is RIVIX/80 


a. Translator INCLUDE option 


a. Constituent Parts of the 


b. Creating a Task(s) Module 


RMX/80 Product 


c. RMX/80 System Creation 


b. Overview of the RMX/80 


d. Configuration Module 


Development Process 


e. System Generation 


Review of the Development Process 


Laboratory 


a. Intel 8080/8085 Translators 


a. Implementation of Two Modules 


1. Assembler 


Day 3 


2. PL/M-80 Compiler 


Laboratory 


b. ISIS-II Commands 


a. Implement Configuration Module 


c. LINKing Task Modules with the 


and System Generation 


RMX/80 Nucleus and Intel 


Use of In-Circuit Emulator 


Provided Tasks 
d. LOCATEing the Final Module in 
an End Product Environment 


to Emulate Task System 
Terminal Handler 


(Single Board Computer Modules) 


a. Line Edit Input 


e. Debugging the Task Environment 


b. Control Character Table 


Real Time Asynchronous Event 
Processing 

a. Definition of Terminology 


c. Alarm Exchange— Alarm 
Message Type 

d. DEBUGGER and Wakeup 
Exchange 


b. Recognition of Asynchronous 


DEBUGGER Task 


Events 

1. Polling (Status Loop) 


a. Configuration 

b. Invoking the DEBUGGER 


2. Preemption (Interrupt) 


c. DEBUGGER Commands 


c. The Single Unit Program 


Day 4 


1. Status Environment 


2. Interrupt Environment 
d. Program Execution 

1. Sequential Processing 


RMX/80 Interrupt Processing 

a. Interrupt Exchanges 

b. Enabling and Disabling Interrupt 
Levels 


2. Concurrent Processing 


c. Software Priorities and Interrupt 




Masking 




d. User Defined Interrupt Handling 


Day 2 


Line Printer Driver Task Example 


RMX/80 JVIodel 


a. Interrupt Handling 


a. Task 


1. Using RMX/80 Model 


1. Single Unit Program 


2. User Defined Handler 


b. Exchanges and Messages 


Laboratory 


1. SEND Function 


a. Interrupt Handling 


2. WAIT Function 


Days 


c. Context Switching and 


Disk File System 


Dispatching of Tasks 


a. Disk File System Services 


d. A Sequential Model 


b. Add-on ISIS-II Services 


e. A Concurrent Model 


c. Configuration 


f. The Interrupt Exchange/Message 


1. Free Space Manager 


RMX/80 Terminal Handler 


2. Concurrent Operation 


a. Message Formats 


d. File System Structure 


b. Service Request Exchanges 


1. Directory Format 


1. Terminal Input (Line Edited) 


2. File Data Format 


2. Terminal Output 


Laboratory 


c. Service Response Exchanges 


a. Disk File System 



Table 9. RMX/80 Real-Time Multi-Tasking Executive System Workshop Course Outline 
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Advanced MCS-86 Assembly Language Workshop 

This workshop will prepare the student to program the 8086 components in assembly language. The design and program- 
ming of large systems, use of Link, Locate, and Library, Input/Output controllers, and ICE-86 are included. This advanced 
course reviews material presented in the intermediate level MCS-86 System Workshop, and then proceeds to investigate 
these more advanced topics. 

Prerequisite: MCS-86 System Workshop. 

Length: 5 days 



TOPICS INCLUDE: 




Review of Instruction Set 


ICE86 


Assembler Directives 


Reentrant Coding 


Segmentation 


Interrupt Structures 


Programming of Input/Output 


PL/M-86 Linkage 


Controllers 


iSBC 86/12 



Table 10. Advanced MCS-86 Assembly Language Workshop Course Outline 



iSBC Design Project 

The class is divided into teams and implements a project from given specifications. The system is built using several 
iSBC boards and is tested under ICE-85 (In-Circuit Emulator). The use of multiple processors is explored, and modular 
software development is emphasized. 

Attendee: System designer or programmer and a graduate of an Intel workshop who wants more laboratory experience 
with the ICE-85 development tool, or who wants to design with iSBC boards. (Maximum attendance is 12.) 

Prerequisite: MCS-80/85 System or PL/M-80 Language/Software Design Workshops. 

Length: 5 days 




TOPICS INCLUDE: 




iSBC Board Line Review 


Software Integration 


Multibus Operation and Interfacing 


ICE.85 Operation 


Design Specifications 


Semaphores and Multiprocessor 


Project Team Organizations 


Communication 


Module Development 


System Integration, Link/Locate 


Module Documentation 


System Testing and Evaluation 



Table 11. ISBC Design Project Course Outline 



REGISTRATION AND ADDITIONAL 
INFORMATION 

Contact MCSD Training at Intel Corporation, Santa 
Clara, California 95051, (408) 987-8003 or your local Intel 
sales office. 
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Industrial Grade 
Products 
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INTEL INDUSTRIAL GRADE PRODUCTS 



Intel's Industrial grade components are designed for extended operating temperature ranges (- 40°C to + 85 °C). They 
have been designed for reliable operation In severe industrial environments, and are fully tested and burned-in before 
delivery. 

This section offers preliminary data sheets which Include functional description, pin-out description and block 
diagram. 

For copies of complete data sheets when available, contact Intel literature department, M/S 4-903, 3065 Bowers 
Avenue, Santa Clara, CA 95051 



TABLE OF CONTENTS 

12114 1024x4-Blt static RAM 13-3 

12708/18708 8K UV Erasable PROM 13-4 

12716 16K(2K x 8) UV Erasable PROM 13-5 

I8048/I8648/I8748/I8035 Single Component 8-Bit Microcomputer 13-6 
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12114 
INDUSTRIAL GRADE 
1024 X 4 BIT STATIC RAM 





2114-3 


2114 


2114L3 


2114L 


Max. Access Time (ns) 


300 


450 


300 


450 


Max. Power Dissipation (mw) 


575 


575 


410 


410 



■ High Density 18 Pin Paclcage 

■ Identical Cycle and Access Times 

■ Single +5V Supply 

■ No Clock or Timing Strobe Required 

■ Completely Static Memory 



Directly TTL Compatible: All Inputs 
and Outputs 

Common Data Input and Output Using 
Three-State Outputs 

Industrial Temperature Range 
-40*>Cto +85^0 



The Intel® 12114 is a 4096-bit static Random Access Memory organized as 1024 words by 4-bits using N-channel Silicon- 
Gate MOS technology. It uses fully DC stable (static) circuitry throughout — in both the array and the decoding — and 
therefore requires no clocks or refreshing to operate. Data access is particularly simple since address setup times are not 
required. The data is read out nondestructively and has the same polarity as the input data. Common input/output pins are 
provided. 

The 12114 is designed for memory applications where high performance, low cost, large bit storage, and simple 
interfacing are important design objectives. The 12114 is placed in an 18-pin package for the highest possible density. 

It IS dp'ectly TTL compatible in aii respects inputs, outputs, ana a single xSV supply. A separate Chip Select (CS> lead 
allows easy selection of an individual package when outputs are OR-tied. 



PIN CONFIGURATION 




LOGIC SYMBOL 



Ao 




Ai 


I/O, 


A2 




A3 


I/O2 


\ 




A5 


I/O3 


A7 




As 


I/O4 


A9 




WE 


cs 



TT 



PIN NAMES 



@ 



1/0, 
1/0, 



@ 



@ 



@ 



® 



M 



_® 



Ag-Ag ADDRESS INPUTS 


Vcc POWER (+5V) 


WE WRITE ENABLE 


GND GROUND 


CS CHIP SELECT 




1/0^ -I/O4 DATA INPUT/OUTPUT 





-i^ 



-t^ 



-0^ 



-C:^ 



-D^ 



-t^ 



-^ 



;d^ 



-.^ 




::^ 



BLOCK DIAGRAM 



ROW 
SELECT 



MEMORY ARRAY 

64 ROWS 

64 COLUMNS 



INPUT 

DATA 

CONTROL 



COLUMN I/O CIRCUITS 



COLUMN SELECT 



Iffl 



® 
® 






^: 



= PIN NUMBERS 
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I2708/I8708* 

INDUSTRIAL GRADE 

8K UV ERASABLE PROM 



Max. Power 



Max. Access Organization 



12708 



800 mW 



450 ns 



1Kx8 



Industrial Grade Temperature 
Range: -40^C to +85*»C 

Fast Access Time — 450 ns Max 

Static — No Clocks Required 



Data Inputs and Outputs TTL 
Compatible during both Read and 
Program Modes 



Three-State Outputs — OR-Tle 
Capability 



The Intel® Industrial Grade 12708 Is a 8192-bit ultraviolet light erasable and electrically reprogrammable EPROM, ideal- 
ly suited where fast turnaround and pattern experimentation are important requirements. Ail data inputs and outputs 
are TTL compatible during both the read and program modes. The outputs are three-state, allowing direct interface 
with common system bus structures. The 12708 is fabricated' with the N-channei silicon gate FAMOS technology and 
is available in a 24-pin dual in-line package. 



PIN CONFIGURATION 



A7C 1 
AeCI 2 

A4C * 

A3C 5 

A2C 6 

aC^ 

(LSB) AoC 8 

(LSB)OoC 9 

Old 10 

02 c 11 

yjsC 12 



12708 



24 Zl'^cc 

23 ;;3a8 

22 3 A9 

21 IJV^B 

20 [I^CS/WE 

19 13 ^D 

18 "^ PROGRAM 

17 3°"/ <^''SB) 

16 IJoe 

15 ^05 

14 13 04 

13 IJO3 



PIN NAMES 



A0A9 


ADDRESS INPUTS 


OrOs 


DATA OUTPUTS/INPUTS 


C§/WE 


CHIP SELECT/WRITE ENABLE INPUT 



BLOCK DIAGRAM 



DATA OUTPUT 
OO-O7 

I 









' 
















cs/w 




CHIP SELECT 
LOGIC 




OUTPUT BUFFERS 














2= 


Y 
DECODER 




Y GATING 








• 




^3 






X 
DECODER 


64 X 128 
ROM ARRAY 






ADDRESS - 
INPUTS 






LA9 































PIN CONNECTION DURING READ OR PROGRAM 



MODE 


PIN NUMBER 1 


DATA I/O 
9-11, 
13-17 


ADDRESS 
INPUTS 

1-8, 
22,23 


Vss 
12 


PROGRAM 
18 


Vdd 
19 


CS/WE 
20 


Vbb 
21 


Vcc 
24 


READ 


DoUT 


A,N 


GND 


GND 


+12 


ViL 


-5 


-^5 


DESELECT 


HIGH IMPEDANCE 


DON'T CARE 


GND 


GND 


-H2 


V,H 


-5 


-K3 


PROGRAM 


Din 


AiN 


GND 


PULSED 
26V 


-H2 


ViHW 


-5 


■^5 
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12716 

INDUSTRIAL GRADE 

16K (2K X 8) UV ERASABLE PROM 



■ Fast Access Time: 450 ns Max 

■ Industrial Grade Temperature 
Range: -40®Cto+85®C 

■ Single + 5V Power Supply 

■ Low Power Dissipation 

— 603 mW Max. Active Power 

— 165 mW Max. Standby Power 



Simple Programming Requirements 
Single Location Programming 
Programs with One 50 ms Pulse 



Inputs and Outputs TTL Compatible 
during Read and Program 



Completely Static 



The Intel® Industrial Grade 127161s a 16,384-bit ultraviolet erasable and electrically programmable read-only memory 
(EPROM). The 12716 operates from a single 5-volt power supply, has a static standby mode, and features fast single ad- 
dress location programming. It makes designing with EPROMs faster, easier and more economical. 

The 12716, with Its single 5-volt supply and with an access time of 450 ns max, is ideal for use with the newer high per- 
formance industrial grade -i- 5V microprocessors such as Intel's 18085 and 18086. The 12716 is also the first EPROM 
with a static standby mode which reduces the power dissipation without increasing access time. The maximum active 
power dissipation is 603 mW while the maximum standby power dissipation is only 165 mW, a 75% savings. 

The 12716 has the simplest and fastest method yet devised for programming EPROMs— single pulse TTL level pro- 
gramming. No need for high voltage pulsing because all programming controls are handled by TTL signals. Program 
any location at any time-either individually, sequentially or at random, with the I2716's single address location pro- 
gramming. Total programming time for all 16,384 bits is only 100 seconds. 



PIN CONFIGURATION 
12716 



A7C 


, V 


■^ 24 


DVCC 


A6C 




23 


DA8 


A5C 




22 


3A9 


A4C 




21 


Dvpp 


A3C 




20 


DOE 


A2C 




19 


DAio 


AlC 


/ 16K 18 


DCE 


AoC 






D07 


OoC 






306 


OiC 


10 




D05 


ozc 


11 




J04 


GNOC 


12 




303 



PIN NAMES 



Ao- A,o 


ADDRESSES 


CE/PGM 


CHIP ENABLE/PROGRAM 


OE 


OUTPUT ENABLE 


0,-0, 


OUTPUTS 



MODE SELECTION 



^\^ PINS 
MODE ^\^ 


CE/PGM 

(18) 


OE 

(20) 


Vpp 

(21) 


vcc 

(24) 


OUTPUTS 
(9-11, 13-17) 


Read 


V|L 


VlL 


+5 


+5 


Dqut 


Standby 


VlH 


Don't Care 


+5 


+5 


HighZ 


Program 


Pulsed V,i_ to V|H 


V|H 


+25 


+5 


DjN 


Program Verify 


V|L 


V,L 


+25 


+5 


Dqut 


Program Inhibit 


V|L 


VjH 


+25 


+5 


High Z 



BLOCK DIAGRAM 









DATA OUTPUTS 


GNDO - 




uo <j/ 


























OE - 


OUTPUT ENABLE 

CHIP ENABLE AND 

PROG LOGIC 




OUTPUT BUFFERS 
















DECODER 


Y GATING 






• 
• 














Ao-Aio 


DECODER 


16,384 BIT 
CELL MAIKIX 




INPUTS 


• 
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I8048/I8648/I8748/I8035 

INDUSTRIAL TEMPERATURE RANGE 

SINGLE COMPONENT 8-BIT MICROCOMPUTER 



8048 Mask Programmable ROM 
8648 One-Time Factory Programmable EPROM 
8748 User Programmable/ Erasable EPROM 
8035/8035L External ROM or EPROM 
-40^0 to +85^0 Operation 



8-Bit CPU, ROM, RAM, I/O in Single 
Package 

Interchangeable ROM and EPROM 
Versions 

Single 5V Supply 

2.5 lAsec and 5.0 jusec Cycle Versions: 
All instructions 1 or 2 Cycles 

Over 90 Instructions: 70% Single Byte 



1Kx8R0M/EPR0M 
64 X 8 RAM 
27 I/O LINES 

Interval Timer/Event Counter 

Easily Expandable Memory and I/O 

Compatible with 8080/8085 Series 
Peripherals 

Single Level Interrupt 



The Intel® 8048/8648/8748/8035 is a totally self-sufficient 8-bit parallel computer fabricated on a single silicon chip 
using Intel's N-channel silicon gate MOS process. 

The 8048 contains a 1 K x 8 progranrj memory, a 64 x 8 RAM data memory, 27 I/O lines, and an 8-bit timer/counter in addi- 
tion to on-board oscillator and clock circuits. For systems that require extra capability, the 8048 can be expanded 
using standard memories and MCS-80™/MCS-85™ peripherals. The 8035 is the equivalent of an 8048 without program 
memory. The 8035L has the RAM power-down mode of the 8048 while the 8035 does not. The 8648 Is a one-time pro- 
grammable (at the factory) 8748 which can be ordered as the first 25 pieces of a new 8048 ROM order. The substitution 
of 8648's for 8048's allows for very fast turnaround for Initial code verification and evaluation units. 

To reduce development problems to a minimum and provide maximum flexibility, three interchangeable pin-compati- 
ble versions of this single component microcomputer exist: the 8748 with user-programmable and erasable EPROM 
program memory for prototype and preproduction systems, the 8048 with factory-programmed mask ROM program 
memory for low cost, high volume production, and the 8035 without program memory for use with external program 
memories. 

This microprocessor is designed to be an efficient controller as well as an arithmetic processor. The 8048 has exten- 
sive bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory 
results from an Instruction set consisting mostly of single byte instructions and no instructions over 2 bytes in length. 



PIN CONFIGURATION 



LOGIC SYMBOL 



BLOCK DIAGRAM 




BUS<V> 



IB04d 






PROGRAM 
■►STORE 
ENABLE 

ADDRESS 
► LATCH 
ENABLE 



PORT 
"EXPANDER 
STROBE 



8-BIT 
CPU 



1024 WORDS 
PROGRAM 
MEMORY 



64 WORDS 

DATA 
MEMORY 



77 



\7 

8-BIT 

TIMER/ 

EVENT COUNTER 
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181 55/181 56 
2048 BIT STATIC MOS RAM WITH I/O PORTS AND TIMER 



Industrial Temperature Range 
(-40^Cto +85^C) 

256 Word x 8 Bits 

Single +5V Power Supply 

Completely Static Operation 

Internal Address Latch 



2 Programmable 8 Bit I/O Ports 

1 Programmable 6-Bit I/O Port 

Programmable 14-Blt Binary Counter/ 
Timer 

Multiplexed Address and Data Bus 

40 Pin DIP 



The 18155 and 18156 are RAM and I/O chips to be used In the MCS-85^'^ microcomputer system. The RAM portion is 
designed with 2048 static cells organized as 256 x 8. They have a maximum access time of 400 ns to permit use with no 
wait states in I8085A CPU. 

The I/O portion consists of three general purpose I/O ports. One of the three ports can be programmed to be status pins, 
thus allowing the other two ports to operate in handshake mode. 

A 14-bit programmable counter/timer is also included on chip to provide either a square wave or terminal count pulse for 
the CPU system depending on timer mode. 



PIN CONFIGURATION 



PC3 


c 


1 ^ 


^ 40 


D Vcc 


PC4 


c 


2 


39 


1 PC2 


TIMER IN 


c 


3 


38 


J PC, 


RESET 


c 


4 


37 


3 pCq 


PC5 


c 


5 


36 


DPB, 


IMER but 


c 


6 


35 


iPBe 


io/(vi 


c 


7 


34 


:pb5 


CEORCE* 


c 


8 


33 


Dpb, 


RD 


c 


9 


32 


DPB3 


WR 
ALE 




10 31 
J8155 

11 18156 30 


3 PB2 
Dps, 


ADo 


c 


12 


29 


IPBo 


ADi 


c 


13 


28 


IPA, 


AD2 
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18212 
8-BIT INPUT/OUTPUT PORT 



Fully Parallel 8-Bit Data Register and Buffer 

Service Request Flip-Flop for 
Interrupt Generation 

Low Input Load Current — .25mA Max. 

Three State Outputs 

Outputs Sink 15 mA 



3.65V Output High Voltage for 
Direct Interface to 8008, 8080A, or 
8085A CPU 

Asynchronous Register Clear 

Replaces Buffers, Latches and 
Multiplexers in Microcomputer Systems 

- 40®C to + 85®C Temp Range 



The 8212 input/output port consists of an 8-bit latch with 3-state output buffers along with control and device selection 
logic. Also included is a service request flip-flop for the generation and control of interrupts to the microprocessor. 

The device is multimode in nature. It can be used to implement latches, gated buffers or multiplexers. Thus, all of the 
principal peripheral and input/output functions of a microcomputer system can be implemented with this device. 
Note: The specifications for the 3212 are identical with those for the 8212. 



PIN CONFIGURATION 
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18216/8226 
4 BIT PARALLEL BIDIRECTIONAL BUS DRIVER 



■ Data Bus Buffer Driver for 8080 CPU 

■ Low Input Load Current — .25 mA 
Maximum 

■ High Output Drive Capability for 
Driving System Data Bus 



■ 3.65V Output High Voltage for Direct 
Interface to 8080 CPU 

■ Three State Outputs 

■ Reduces System Package Count 

■ -40°C to +85^C Temp Range 



The 8216/8226 is a 4-bit bi-directional bus driver/receiver. 

All inputs are low power TTL compatible. For driving MOS, the DO outputs provide a high 3.65V Voh» and for high capaci- 
tance terminated bus structures, the DB outputs provide a high 50mA Iql capability. 

A non-inverting (8216) and an inverting (8226) are available to meet a wide variety of applications for buffering in micro- 
computer systems. 



PIN CONFIGURATION 
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18243 
MCS-48^^ INPUT/OUTPUT EXPANDER 



- 40**C to + 85®C Operation 
Low Cost 

Simple Interface to 1^108-48^" Micro- 
computers 
Four 4-Bit I/O Ports 
AND and OR Directly to Ports 



■ 24-Pin DIP 

■ Single 5V Supply 

■ High Output Drive 

■ Direct Extension of Resident 8048 I/O 
Ports 



The Intel® 8243 is an input/output expander desigged specifically to provide a low cost means of I/O expansion for the 
MCS-48^'' family of single chip microcomputers. Fabricated in 5 volts NMOS, the 8243 combines low cost, single supply 
voltage and high drive current capability. 

The 8243 consists of four 4-bit bidirectional static I/O ports and one 4-bit port which serves as an interface to the MCS-48 
microcomputers. The 4-bit interface requires that only 4 I/O lines of the 8048 be used for I/O expansion, and also allows 
multiple 8243's to be added to the same bus. 

The I/O ports of the 8243 serve as a direct extension of the resident I/O facilities of the MCS-48 microcomputers and are 
accessed by their own MOV, ANL, and ORL instructions. 



PIN CONFIGURATION 
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^S^ 18251 

PROGRAMMABLE COMMUNICATION INTERFACE 



Synchronous and Asynchronous 
Operation 



Full Duplex, Double Buffered, Trans- 
mitter and Receiver 



Synchronous 5-8 Bit Characters; 
Internal or External Character Synchro- 
nization; Automatic Sync Insertion 



Error Detection — Parity, Overrun and 
Framing 



Asynchronous 5-8 Bit Characters; 
Clock Rate— 1, 16 or 64 Times Baud 
Rate; Break Character Generation; 1, 
IVa, or 2 Stop Bits; False Start Bit 
Detection; Automatic Break Detect 
and Handling. 

Industrial Grade Temperature Range 
-40^Cto + 85^C 



■ 28-Pin DIP Package 

■ All Inputs and Outputs are TTL 
Compatible 

■ Single + 5V Supply 

■ Single TTL Clock 



The Intel® 18251 is a Universal Synchronous/Asynchronous Receiver/Transmitter (USART), designed for data com- 
munications with Intel's new high performance family of microprocessors such as the 8085. The 18251 is used as a 
peripheral device and is programmed by the CPU to operate using virtually any serial data transmission technique 
presently in use (including IBM "bi-sync"). The USART accepts data characters from the CPU in parallel format and 
then converts them into a continuous serial data stream for transmission. Simultaneously, it can receive serial data 
streams and convert them into parallel data characters for the CPU. The USART will signal the CPU whenever It can 
accept a new character for transmission or whenever it has received a character for the CPU. The CPU can read the 
complete status of the USART at any time. These include data transmission errors and control signals such as 
SYNDET, TxEMPTY. The chip is constructed using N-channel silicon gate technology. 



PIN CONFIGURATION 




PIN NAMES 
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Data Bus (8 bits) 
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Control or Data is to be Written or Read 


RD 
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WR 
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Receiver Clock 
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Clear to Send Data 
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Transmitter Empty 
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GND 


Ground 
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I8255A 
PROGRAMMABLE PERIPHERAL INTERFACE 



Extended Temperature Range 
(-40^0 to +85^C) 

24 Programmable I/O Pins 

Completely TTL Compatible 

Improved Timing Characteristics 



■ Direct Bit Set/Reset Capability Easing 
Control Application Interface 

■ 40-Pin Dual In-Line Package 

■ Reduces System Package Count 

■ Improved DC Driving Capability 



The Intel® 8255A is a general purpose programmable I/O device designed for use with Intel® microprocessors. It has 
24 I/O pins which may be individually programmed in 2 groups of 12 and used in 3 major modes of operation. In the first 
mode (MODE 0), each group of 12 I/O pins may be programmed in sets of 4 to be input or output. In MODE 1 , the second 
mode, each group may be programmed to have 8 lines of input or output. Of the remaining 4 pins, 3 are used for hand- 
shaking and interrupt control signals. The third mode of operation (MODE 2) is a bidirectional bus mode which uses 8 
lines for a bidirectional bus, and 5 lines, borrowing one from the other group, for handshaking. 



PIN CONFIGURATION 
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PIN NAMES 
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18259 
PROGRAMMABLE INTERRUPT CONTROLLER 



MCS-86T>^ Compatible 
MCS-80/85^*^ Compatible 
Eight-Level Priority Controller 
Expandable to 64 Levels 



■ Programmable Interrupt Modes 

■ Individual Request Mask Capability 

■ Single + 5V Supply (No Ciocics) 

■ -40**C to +85^C Temp. Range 



The Intel® 8259 Programmable Interrupt Controller handles up to eight vectored priority interrupts for the CPU. It is 
cascadable for up to 64 vectored priority interrupts without additional circuitry. It is packaged in a 28-pin DIP, uses 
NMOS technology and requires a single +5V supply. Circuitry is static, requiring no clock input. 

The 8259 is designed to minimize the software and real time overhead in handling multi-level priority interrupts. It has 
several modes, permitting optimization for a variety of system requirements. 



PIN CONFIGURATION 
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4 NAMES 
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18279 
PROGRAMMABLE KEYBOARD/DISPLAY INTERFACE 



Extended Temperature Range 
(-40^Cto +85<>C) 

Simultaneous Keyboard Display 
Operations 

Scanned Keyboard Mode 

Scanned Sensor Mode 

Strobed Input Entry Mode 

8-Character Keyboard FIFO 

2-Key Lockout or N-Key Rollover with 
Contact Debounce 



■ Dual 8- or 16-Numerical Display 

■ Single 16-Character Display 

■ Right or Left Entry 16-Byte Display 
RAM 

■ Mode Programmable from CPU 

■ Programmable Scan Timing 

■ Interrupt Output on Key Entry 



The Intel® 8279 is a general purpose programmable keyboard and display I/O Interface device designed for use with 
Intel® microprocessors. The keyboard portion can provide a scanned interface to a 64-contact key matrix. The 
keyboard portion will also interface to an array of sensors or a strobed interface keyboard, such as the hall effect and 
ferrite variety. Key depressions can be 2-key lockout or N-key rollover. Keyboard entries are debounced and strobed in 
an 8-character FIFO. If more than 8 characters are entered, overrun status is set. Key entries set the interrupt output 
line to the CPU. 

The display portion provides a scanned display interface for LED, incandescent, and other popular display 
technologies. Both numeric and alphanumeric segment displays may be used as well as simple indicators. The 8279 
has 16X8 display RAM which can be organized into dual 16X4. The RAM can be loaded or interrogated by the CPU. Both 
right entry, calculator and left entry typewriter display formats are possible. Both read and write of the display RAM 
can be done with auto-Increment of the display RAM address. 



PIN CONFIGURATION 



RLaC 
RL3C 
clkC 
irqC 
RUC 
RLsC 
RLeC 
RL7C 
resetC 
rdC 
wrC 

DBoC 
DB^C 
DBjC 
DBjC 
DB^C 
DB5C 
DBjC 

DByC 



C 20 
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37 HCNTL/STB 
36 I] SHIFT 
35 DSL3 
34 DSL2 
33 HSLi 
32 DSLo 
31 H OUT Bo 
30 D OUT B^ 
29 D OUT 82 
28 HOUT 83 
27 H OUT Ao 
26 H OUT Ai 
25 3 OUT A2 
24 13 OUT A3 
23 DSB 
22 DcS" 
21 DAo 



LOGIC SYMBOL 
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IRQ 





INTERRUPT REQUEST OUTPUT 


SL03 





SCAN LINES 


RLo7 


1 


RETURN LINES 


SHIFT 


1 


SHIFT INPUT 


CNTL/STB 


1 


CONTROL/STROBE INPUT 
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18355* 

16,384-BIT ROM WITH I/O 

Directly Compatible withl8085A CPU 



■ Industrial Temperature Range 
(-40^0 to +85^0) 

■ 2048 Words x 8 Bits 



■ 2 General Purpose 8-Bit I/O Ports 

■ Each I/O Port Line Individually 
Programmable as Input or Output 



■ Single + 5V Power Supply 



Multiplexed Address and Data Bus 



Internal Address Latch 



■ 40-Pin DIP 



The Intel® 8355 is a ROM and I/O chip to be used in the MCS-85^- microcomputer system. The ROM portion is organized as 
2048 words by 8 bits. It has a maximum access time of 400 ns to permit use with no wait states in theI8085A CPU. 

The I/O portion consists of 2 general purpose I/O ports. Each I/O port has 8 port lines, and each I/O port line is Indlvdu- 
ally programmable as input or output. 



PIN CONFIGURATION 
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I8755A-8 
16,384-BIT EPROM WITH I/O 

• Directly Compatible with I8085A CPU 



■ Industrial Temperature Range 
(-40^0 to +85^0) 

■ 2048 Words x 8 Bits 

■ Single + SV Power Supply (Vcc) 

■ U.V. Erasable and Electrically 
Reprogrammable 

■ Internal Address Latch 



■ 2 General Purpose 8-Bit I/O Ports 

■ Each I/O Port Line Individually 
Programmable as Input or Output 

■ Multiplexed Address and Data Bus 

■ 40-Pin DIP 



The Intel® 8755A is an erasable and electrically reprogrammable ROM ( EPROM ) and I/O chip to be used in the MCS-86^*" 
microcomputer system. The EPROM portion is organized as 2048 words by 8 bits. It has a maximum access time of 
750 ns to permit use with one wait state in a 3 MHz 8085A system. 

The I/O portion consists of 2 general purpose I/O ports. Each I/O port has 8 port lines, and each I/O port line is individu- 
ally programmable as input or output. 



PIN CONFIGURATION 
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INTEL MILITARY PRODUCTS 

In 1977, Intel qualified the first military microprocessor to MIL-M-38510. The JAN version of the industry standard 
8080A Is listed in QPL, Part I as M 385 1 0/4200 1BQB. 

Intel also offers an extensive family of selected microprocessor and memory components for milltary/hi-rel applica- 
tions. All standard military products are screened to full Level B requirements of MIL-STD-883B, Method 5004. Addi- 
tionally, complete lot conformance testing is performed in accordance with MIL-STD-883B, Method 5005. 
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MILITARY PRODUCT REQUIREMENTS 



General Requirements 


MIL-M-38510 
Requirements 


JAN 
(Level B) 


883 
(Level B) 


CERTIFICATION 

A. Product Assurance 
Program Plan 

B. Manufacturer's 
Certification 


Para. 3.4.1.2 
Para. 3.4.1.2.1 


X 
X 


N/A 
N/A 


DEVICE QUALIFICATION 


Para. 4.4 


X 


N/A 


TRACEABILITY 


Para. 3.4.6 


X 


N/A 


COUNTRY OF MANUFACTURE 


Para. 3.2.1 


X 


N/A 


Screening Test 
Requirements 


Screening Per Method 
5004 of MIL.STD-883 






INTERNAL VISUAL 


2010, Cond. B 


100% 


100% 


STABILIZATION BAKE 


1008, Cond. C 
(24 Hrs. @ 150X) 


100% 


100% 


TEMPERATURE CYCLING 


1010, Cond. C (10 cycles 
-eSXto +150°C) 


100% 


100% 


CONSTANT ACCELERATION 


2001, Cond. Dor E 
As Applicable 


100% 


100% 


SEAL(HERMETICITY) 

A. Fine 

B. Gross 


1014 

Cond. B (5 X 10 atm-cc/sec) 

Cond. C 


100% 


100% 


PRE BURN-IN ELECTRICAL 


Per Applicable Device 
Specification 


100% 


100% 


BURN-IN 


1015, Cond. C or F 
(160 Hrs. @ 125°C) 


100% 


100% 


FINAL ELECTRICAL TESTS 

A. Static (@ 25X, Min and 
Max Rated Temp) 

B. Dynamic and Functional 
(@ as^'C) 


Per Applicable Device 

Specification 

Per Applicable Device 

Specification 


100% 
100% 


100% 
100% 


EXTERNAL VISUAL 


2009 


100% 


100% 


Quality Conformance 
Inspection Tests 


Per MILSTD.883, 
Method 5005 


JAN 
(Level B) 


883 
(Level B) 


GROUP A 

Electrical Tests 


Per Applicable Device 
Specification. Table 1, 
Subgroups as Required 


Every 

Inspection 

Lot 


Every 

Inspection 

Lot 


GROUP B 

Package Function and 
Mechanical Tests 


Per Table lib, 
Subgroups 1-3 


Every 6 
Weeks 


Every 6 
Weeks 


GROUP C 

Die Related Tests 


Per Table III, 
Subgroups 1 and 2 


Every 12 
Weeks 


Every 12 
Weeks 


GROUP D 

Package Related Tests 


Per Table IV, 
Subgroups 1-5 


Every 6 
Months 


Every 6 
Months 
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M1702A 
2K (256 X 8) UV ERASABLE PROM 

-55°C to +100X OPERATION 



Fast Access Time: Max. 850ns 

Completely Static 

Inputs and Outputs DTL and 
TTL Compatible 



All 2048 Bits Factory Tested Prior 
to Shipment 

Three-State Output 

24 Pin Dip 



The Intel® M1702A is a 256-word by 8-bit ultraviolet light erasable and electrically reprogrammable EPROM which is speci- 
fied over the ~55°C to +100°C temperature range. The IVI1702A has a transparent lid which allows the user to expose the 
M1702A to UV light to erase the bit pattern. A new pattern can then be written into the device. 

ABSOLUTE MAXIMUM RATINGS'^ 



PIN CONFIGURATION 



DATA OUT 4 
DATA OUT 5 



E DATA INPUT tEAO DURING PROGRAMMING 



Ambient Temperature Under Bias -65°Cto 110°C 

Storage Temperature — 65°C to +125°C 

Soldering Temperature of Leads (10 sec) +300°C 

Power Dissipation 2 Watts 

Read Operation: Input Voltages and Supply 

Voltages with respect to V^c +0.5 V to -20V 

Program Operation: Input Voltages and Supply 

Voltages with respect to Vqq -48V 

*COMMENT 

Stresses above those listed under "Absolute Maximum Rat- 
ings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at 
these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 
Exposure to Absolute Maximum Rating conditions for ex- 
tended periods may affect device reliability. 



D.C. AND OPERATING CHARACTERISTICS Ta=-55°c 

READ OPERATION Vqg = -9V 



to 100°C, Vcc = +5V ±10%, Vdd = 
±10% unless otherwise noted. 



-9V±10%, 



Symbol 


Test 


Min. 


Typ.fl] 


Max. 


Unit 


Conditions 


Ili 


Address and Chip Select Input Load Current 






10 


mA 


V,N = o.ov 


Ilo 


Output Leakage Current 






10 


mA 


VouT = 0.0V,CS=V|H2 


IddiIi] 


Power Supply Current 




35 


50 


mA 


CS = V|H2, loL=0-OnriA, 
Ta = 25° C, Continuous 


IdD2 


Power Supply Current 




32 


46 


mA 


CS=O.OV, loL=O.OmA, 
Ta = 25°C, Continuous 


IdD3 


Power Supply Current 




38 


65 


mA 


CS = V|H2J0L= 0.0mA, 
Ta = -55°C, Continuous 


ICF 


Output Clamp Current 




8 


11 


mA 


VouT = -1.0V, 

Ta = -55°C, Continuous 


•gg 


Gate Supply Current 






10 


mA 




V|L1 


Input Low Voltage for TTL Interface 


-1 




0.65 


V 




V|L2 


Input Low Voltage for MOS Interface 


Vdd 




Vcc-6 


V 




V|H1 


Address Input High Voltage 


Vcc-2 




Vcc+0.3 


V 




V|H2 


Chip Select Input High Voltage 


Vcc -1.5 




Vcc+0.3 


V 




Iql 


Output Sink Current 


1.6 


4 




mA 


VouT = 0.45V 


•oh 


Output Source Current 


-2.0 






mA 


VouT = O.OV 


Vol 


Output Low Voltage 




-3 


0.45 


V 


l0L= 1.6mA 


VOH 


Output High Voltage 


3.5 


4.5 




V 


Iqh = -200iuA 


Note 1. Typ 


cal values are at nominal voltages and T^ = 25° C. 
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M1702A 



A.C. CHARACTERISTICS 

Ta = -55°C to 100°C, Vcc = +5V ±10%, Vdd = -9V ±10%, Vgg ' 



-9V ±10% unless otherwise noted. 



Symbol 


Test 


Limits 
Min. Max. 


Un/,J\ 


Freq. 


Repetition Rate 


1.2 


MHz 


tOH 


Previous Read Data Valid 


0.1 


MS 


tACC 


Address to Output Delay 


0.85 


MS 


tcs 


Chip Select Delay 


0.5 


MS 


tco 


Output Delay From CS 


0.35 


MS 


tOD 


Output Deselect 


0.3 


MS 



CAPACITANCE * t = 25°C 



SYMBOL 


TEST 


TYPICAL 


MAXIMUM 


UNIT 


CONDITIONS 


C,N 


Input Capacitance 


8 


15 


pF 


V|N=Vcc " 
CS=Vcc 
Vqut " ^cc 
Vgg = Vcc _ 


All 

unused pins 


^OUT 


Output Capacitance 


10 


15 


pF 


are at A.C. 
ground 



*This parameter is sampled and is not 100% tested. 



SWITCHING CHARACTERISTICS 

Conditions of Test: 

Input pulse amplitudes: to 4V; tp , tp <50 ns 
Output load is 1 TTL gate; measurements made 
at output of TTL gate (tpD<15 ns), Ci_= 15pF 



A) READ OPERATION 



)DRESS Y| 



X 



B) DESELECTION OF DATA OUTPUT IN OR-TIE 
OPERATION 



)DRESS X 



X 



\ 



DATA OUT 



\-M 



CJATA 



tA OUT \ ,/ 

t^ ) L^ 



ERASING AND PROGRAMMING PROCEDURE 

The erasing and programming procedure of the M1702A 
is the same as the 0°C to 70 °C 1702A. The procedure is 
described in the Data Catalog PROM/ROM Pro- 
gramming Instructions section. 
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Intel 



M2114 
1024 X 4 BIT STATIC RAM 





2114-3 


2114 


2114L3 


2114L 


Max. Access Time (ns) 


300 


450 


300 


450 


Max. Power Dissipation (mw) 


575 


575 


410 


410 



High Density 18 Pin Paclcage 
Identical Cycle and Access Times 
Single +5V Supply 
No Clock or Timing Strobe Required 
Completely Static Memory 



Directly TTL Compatible: All Inputs 
and Outputs 

Common Data Input and Output Using 
Three-State Outputs 

Military Temperature Range 
-55°C to+125°C 



The Intel® M2114 is a 4096-bit static Random Access Memory organized as 1024 words by 4-bits using N-channel Silicon- 
Gate MOS technology. It uses fully DC stable (static) circuitry throughout — in both the array and the decoding — and 
therefore requires no clocks or refreshing to operate. Data access is particularly simple since address setup times are not 
required. The data is read out nondestructively and has the same polarity as the input data. Common input/output pins are 
provided. 

The M2114 is designed for memory applications where high performance, low cost, large bit storage, and simple 
interfacing are important design objectives. The M2114 is placed in an 18-pln package for the highest possible density. 

It is directly TTL compatible in all respects: inputs, outputs, and a single ^SV supply. A separate Chip Select (CS) lead 
allows easy selection of an individual package when outputs are OR-tied. 



PIN CONFIGURATION 




LOGIC SYMBOL 





Ao 






Ai 


I/O, 




A, 






A3 


I/O, 




A4 






A5 
Afi 






I/O3 




Ay 






As 


I/O4 




Aq 






WE 


CS 



TT 



PIN NAMES 



I 



® 



® 



® 



® 



@ 



I/O, 

1/O2 
1/O3 

I/O. 



@ 



@ 



@ 



(5) 



.® 



_® 



Aq-Aq address inputs 


Vcc POWER (+5V) 


WE WRITE ENABLE 


GND GROUND 


CS CHIP SELECT 




l/O^-l/O^ DATA INPUT/OUTPUT 





-c^ 



^ 



^ 



^ 



^ 



-c^ 



-^ 



:^ 



;=^ 



:z^ 
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BLOCK DIAGRAM 



ROW 
SELECT 



MEMORY ARRAY 

64 ROWS 

64 COLUMNS 



INPUT 

DATA 

CONTROL 



COLUMN I/O CIRCUITS 



COLUMN SELECT 



MM 



@ 
® 






O = P'N NUMBERS 



M2114 FAMILY 




ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias -65°C to +150°C 

Storage Temperature -65°C to +150°C 

Voltage on Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation LOW 

D.C. Output Current 5mA 



*COMMENT: Stresses above Bb^^/ktii<^^^'^^bso/ute 
Maximum Ratings" may cause perr1^s^kf^^t^,c(^^^0\^jhe 
device. This is a stress rating only and fbtncUc^riat 
tion of the device at these or any other conmt^4hf.^pp\ 
those indicated in the operational sections of this'^pMi-^.^^^ 
cation is not implied. Exposure to absolute maxinibm 
rating conditions for extended periods may affect device 
reliability. 




D.C. AND OPERATING CHARACTERISTICS 



Ta = -55°C to +125°C, Vcc = 5V ± 


10%, unless otherwise noted. 










PARAMETER 


M2114, M2114-3 


M2114L3,M2114L3 


UNIT 




SYMBOL 


Min. Typ.[l] Max. 


MIn. Typ.lU 


Max. 


CONDITIONS 


Ili 


Input Load Current 
(All Input Pins) 


10 


10 


ma 


V|N =0 to 5.5V 


HloI 


I/O Leakage Current 


10 


10 


ma 


CS=2.4V, 

V,/o = 0.4V to Vcc 


•cci 


Power Supply Current 


80 95 


65 


mA 


V,N = 5.5V, l,/o = OmA, 
Ta = 25°C 


•CC2 


Power Supply Current 


105 


75 


mA 


V,N = 5.5V l|/o = OmA, 
Ta = -55°C 


V,L 


Input Low Voltage 


-0.5 0.8 


-0.5 


0.8 


V 




V|H 


Input High Voltage 


2.0 6.0 


2.0 


6.0 


V 




lOL 


Output Low Current 


2.1 6.0 


2.1 6.0 


mA 


Vol = 0.4V 


•oh 


Output High Current 


-1.0 -1.4 


-1.0 -1.4 


mA 


VoH = 2.4V 


I0S121 


Output Short Circuit 
Current 


40 


40 


mA 





NOTE: 1 , Typical values are for Ta = 25° C and Vqc = 5.0V. 
2. Duration not to exceed 30 seconds. 



CAPACITANCE 

Ta = 25°C,f = 1.0 MHz 



SYMBOL 


TEST 


MAX 


UNIT 


CONDITIONS 


C|/o 


Input/Output Capacitance 


5 


pF 


V,/o=OV 


CjN 


Input Capacitance 


5 


pF 


V,N=OV 



note: This parameter is periodically sampled and not 100% tested. 



A.C. CONPmONS OF TEST 

Input Pulse Levels 0.8 Volt to 2.0 Volt 

Input Rise and Fall Times 10 nsec 

Input and Output Timing Levels 1.5 Volts 

Output Load 1 TTL Gate and Cl = 100 pF 



TEST NOTE: This circuit 
employs a self starting 
oscillator and a charge 
pump which require a 
certain amount of time 
after POWER ON to start 
functioning properly. This 
M211 4 circuit is conserva- 
tively specified as requir- 
ing 500 fisec after Vcc 
reaches its specified 
limits (4.50V). 
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M2114 FAMILY 



A.C. CHARACTERISTICS Ta = -55°C to +125°C, Vcc = 5V ±10%, unless otherwise noted 



READ CYCLE 



[1] 





PARAMETER 


M2114, 


M2114L 


M2114-3, 


M2114L3 




SYMBOL 


MIn. 


Max. 


Min. 


Max. 


UNIT 


tRC 


Read Cycle Time 


450 


300 


ns 


tA 


Access Time 


450 


300 


ns 


tco 


Chip Selection to Output Valid 


120 


100 


ns 


tcx 


Chip Selection to Output Active 


20 


20 


ns 


tOTD 


Output 3-state from Deselection 


100 


80 


ns 


toHA 


Output Hold from Address Change 


50 


50 


ns 



WRITE CYCLE 



[2] 





PARAMETER 


M2114, M2114L 


M2114-3, M2114L3 




SYMBOL 


Min. Max. 


Min. Max. 


UNIT 


twc 


Write Cycle Time 


450 


300 


ns 


tw 


Write Time 


200 


150 


ns 


twR 


Write Release Time 








ns 


toTW 


Output 3-state from Write 


100 


80 


ns 


tow 


Data to Write Time Overlap 


200 


150 


ns 


tpH 


Data Hold From Write Time 








ns 



NOTES: 

1. A Read occurs during the overlap of a low CS and a high WE. 

2. A Write occurs during the overlap of a low CS and a low WE. 



WAVEFORMS 

READ CYCLE® 



WRITE CYCLE 



AWWWWWWWWV^ 



^4 



mmnm 



tOHA-V-H 

7 1^ 



NOTES: 

(3) WE is high for a Read Cycle. 

(^ If the CS low transition occurs simultaneously with the WE low 
transition, the output buffers remain in a high impedance state. 
I (5) WE must be high during all address transitions. 



Z)( 



®. 



w."®!^^ 



sm 



))))))))))))) 



. W/////////// 



-0[ 



;^ 



];x xxxxxxx 
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M2114 FAMILY 






TYPICAL D.C. AND A.C. CHARACTERISTICS 



■° SV^y^^^^f^* 



NORMALIZED ACCESS TIME VS. 
SUPPLY VOLTAGE 



1.1 

1.0 
0.9 
0.8 
0.7 
0.6 





























































5.00 

Vcc (V) 



NORMALIZED ACCESS TIME VS. 
AMBIENT TEMPERATURE 



1.1 

1.0 

< 

Q 

< 

0.7 
0.6 
n R 
























^^ 




^ 


^ 




y 


y 






y 

















-10 35 

ta rc) 



NORMALIZED ACCESS TIME VS. 
OUTPUT LOAD CAPACITANCE 



1.1 

1.0 

$ 

2 0.9 

N 

i "•» 

0.7 
0.6 

OR 






^^ 




■ 


^ 






























































100 200 300 400 500 600 

Cl (pF) 



NORMALIZED POWER SUPPLY CURRENT 
VS. AMBIENT TEMPERATURE 













.0 
).9 
).8 
3.7 
).6 




















^\ 


^ 








^ 





















Ta rc) 



OUTPUT SOURCE CURRENT 
VS. OUTPUT VOLTAGE 



30 
20 
10 











\ 








\ 


\ 








\ 

1 


V^ 





OUTPUT SINK CURRENT 
VS. OUTPUT VOLTAGE 



4U 
30 
20 
10 
n 












/ 


^^ 






/ 















1 2 3 

Vol (V) 
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M2115A, M2125A FAMILY 
HIGH SPEED 1K X 1 BIT STATIC RAM 





M2115AL, M2125AL 


M2115A, M2125A 


Max. Taa (ns) 


75 


55 


Max. Ice (mA) 


75 


125 



HMOS Technology 

Low Operating Power Dissipation 
413mW (IVI2115AL, M2125AL) 

Fast Access Time Over -55° C to 125°C 
— 55ns l^aximum (IVI2115A, [\/l2125A) 

Single 5V Supply with ±10% Tolerance 



TTL Inputs and Output 

Uncommitted Collector (M2115A, 
M2115AL) and Three State (M2125A, 
M2125AL) Output 

Non-Inverting Data Output 

Hermetic 16 Pin Dual In-Line Package 



The Intel® M2115A and M2125A families are fully static, random access memories (RAMs) organized as 1024 words by 1 
bit, which operate over a -55°C to +125°C ambient temperature range. Both open collector (M2115A) and three-state 
(M2125A) outputs are available. The M21 1 5A and M21 25A use fully DC stable (static) circuitry throughout in both the array 
and the decoding, and, therefore, require no clocks or refreshing to operate. The data is read out nondestructively and has 
the same polarity as the input data. 

The M21 15AL and M2125AL are ideal for high-performance systems where speed and power dissipation are significant 
design considerations. They have a maximum access time of 75 ns, while power dissipation is only 413 mW maximum. The 
M2115A and M2125A at 55 ns maximum should be considered for applications in which speed is a primary design 
objective. 

The devices are directly TTL compatible in all respects: inputs, outputs and a single 4-5V supply. A separate chip select lead 
allows easy selection of an individual package when outputs are OR-tied. 



PIN CONFIGURATION 



LOGIC SYMBOL 




Ao — 




15 14 


A, 






A2_ 






A3__ 






A4_ 






As — 






Ae — 


io 




A7 


11 




As — 


12 




Ag- 


13 


7 



PIN 16 
PIIM8 



PIN NAMES 


ds 


CHIP SELECT 


A0TOA9 


ADDRESS INPUTS 


m 


WRITE ENABLE 


Din 


DATA INPUT 


DOUT 


DATA OUTPUT 




BLOCK DIAGRAM 



SENSE AMPS 

AND 

WRITE 

DRIVERS 



CONTROL 

LOGIC 

(SEE TRUTH 

TABLE) 



ftTTT tTTTf 



® 



@®®©® ®@®@@ ® o @ 

TRUTH TABLE 



INPUTS 


OUTPUT 
21 15A FAMILY 


OUTPUT 
2125A FAMILY 


MODE 


CS WE D,N 


OOUT 


DbUT 




H X X 


HIGH Z 


HIGH Z 


NOT SELECTED 


L L L 


HIGH Z 


HIGH Z 


WRITE "0" 


L L H 


HIGH Z 


HIGH Z 


WRITE "1" 


L H X 


OOUT . 


OoUT 


READ 
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M2115AL, M2115A, M2125AL, M2125A 



ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias -65°C to +135°C 

Storage Temperature -65°C to +150°C 

All Output or Supply Voltages -0.5V to +7V 

All Input Voltages -0.5V to +6V 

D.C. Output Current 20 mA 



*COMMENT: Stresses above those listed under "j^tosolute Maxi- 
mum Ratings" may cause permanent damage to tHe -^leva^'W. This is 
a stress rating only and functional operation of the devke attjhese 
or at any other condition above those indicated in the opera4i0]Fii&l>> , 
sections of this specification is not implied. Exposure to absoiute J'f 
maximum rating conditions for extended periods may affect device '/ 
reliability. 



D.C. CHARACTERISTICSf^'2^ 

Vcc = 5V ±10%, Ta = -55°C to +125°C 



Symbol 


Test 


Min. 


Typ. 


Max. 


Unit 


Conditions 


VOLI 


M2115A, M2115AL Output Low 
Voltage 






0.45 


V 


l0L= 10mA 


V0L2 


M2125A,M2125AL Output Low 
Voltage 






0.45 


V 


Iql = 5 mA 


V,H 


Input High Voltage 


2.1 






V 




V,L 


Input Low Voltage 






0.8 


V 




l|L 


Input Low Current 




-0.1 


-40 


ma 


Vcc = Max., V,N= 0.4V 


l|H 


Input High Current 




0.1 


40 


ma 


Vcc = Max., V|N = 4.5V 


•CEX 


M21 15A, M21 15AL Output Leakage 
Current 




0.1 


100 


iuA 


Vcc = Max., VouT = 4.5V 


HoffI 


M2125A, IVI2125AL Output Leakage 
Current (High Z) 




0.1 


50 


ma 


Vcc = Max., VouT = 0.5V/2.4V 


los^^^ 


M2125A, M2125AL Current Short 
Circuit to Ground 






-100 


mA 


Vcc = Max. 


VOH 


M21 15A, M21 15AL Output High 
Voltage 


2.4 






V 


I0H = -3.2 mA 


'cci 


M21 1 5AL, M21 25AL Power Supply 
Current 




60 


75 


mA 


All Inputs Grounded, Output 
Open 


•CC2 


M21 1 5A, M21 25A Power Supply 
Current 




100 


125 


mA 


All Inputs Grounded, Output 
Open 



NOTES: 

1. The operating ambient temperature ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute. 

Typical thermal resistance values of the package at maximum temperature are: 

0JA (@ 400 fpM air flow) = 45°C/W 
OjA (still air) - 60°C/W 
0JC -25°C/W 

2. Typical limits are at Vcc "^ 5V, T/^ ^ +25°C and maximum loading. 

3. Duration of short circuit current should not exceed 1 second. 
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M2115AL, M2115A, M2125AL, M2125A 






M2115AL, M2115A A.C. CHARACTERISTICS^^-^^ 
READ CYCLE 



4. tK 
'-■"■/ .,*■ 

Vcc = 5V ±10%, Ta = -55°C to +125°C ' ' /4' j, 

1' S' 



Symbol 


Test 


IV12115AL Limits 
Min. Typ. iViax. 


M2115A Limits 
Min. Typ. Max. 


Uiiiit^f->;> 


Ucs 


Chip Select Time 


5 




45 


5 




45 


ns 


tRCS 


Chip Select Recovery Time 






50 






35 


ns 


tAA 


Address Access Time 




40 


75 




35 


55 


ns 


toH 


Previous Read Data Valid After Change of 
Address 


10 






10 






ns 






WRITE CYCLE 



Symbol 


Test 


Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


Units 


tws 


Write Enable Time 






45 






35 


ns 


tWR 


Write Recovery Time 







50 







35 


ns 


tw 


Write Pulse Width 


55 


10 




40 


10 




ns 


tWSD 


Data Setup Time Prior to Write 


5 


-5 




5 


-5 




ns 


tWHD 


Data Hold Time After Write 


5 







5 







ns 


tWSA 


Address Setup Time 


15 







5 







ns 


tWHA 


Address Hold Time 


5 







5 







ns 


twscs 


Chip Select Setup Time 


5 







5 







ns 


tWHCS 


Chip Select Hold Time 


5 







5 







ns 



A.C. TEST CONDITIONS 



IVI2115A 



SOpF 

(INCLUDING 
SCOPE AND 
JIG) 



ALL INPUT PULSES 

h -. -i 



Vp-p /. 



± 



\90% 
- 10% 



*>i \-m 10ns 



J 



-10% 
- 90% 
-10ns 



READ CYCLE 



T 



XDATA %/ 

UNDEFINED JK 



PROPAGATION DELAY FROM CHIP SELECT 

c§ - 



\ 



"* Ws "^ 



\ 



/ 



/ 



WRITE CYCLE 



"^ou- 



■\ 



X 



x: 



3£ 



X 



\1^' 



rt 



^vs 



::;:;■;:;:;:•.::*" DATA mm\ 

WgyNpEFINEO:;:;:;:;: 



f 



- tWHCS »" 



(ALL ABOVE MEASUREMENTS REFERENCED TO 1.5V) 
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M2115AL, M2115A, M2125AL, M2125A 



IVI2125AL, M2125A A.C. CHARACTERISTICS"^^ Vcc = 5V ±10%, Ta = -55°C to +125°C 
READ CYCLE 



Symbol 


Test 


M2125AL Limits 
Min. Typ. Max. 


M2125A Limits 
Min. Typ. Max. 


Units 


"tACS 


Chip Select Time 


5 




45 


5 




45 


ns 


tzRCS 


Chip Select to HIGH Z 






50 






35 


ns 


tAA 


Address Access Time 




40 


75 




25 


55 


ns 


toH 


Previous Read Data Valid After Change of 
Address 


10 






10 






ns 



WRITE CYCLE 



Symbol 


Test 


Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


Units 


tzws 


Write Enable to HIGH Z 






45 






35 


ns 


tWR 


Write Recovery Time 







50 







35 


ns 


tw 


Write Pulse Width 


55 


10 




40 


10 




ns 


tWSD 


Data Setup Time Prior to Write 


5 


-5 




5 


-5 




ns 


tWHD 


Data Hold Time After Write 


5 







5 







ns 


twSA 


Address Setup Time 


15 







5 







ns 


tWHA 


Address Hold Time 


5 







5 







ns 


%SCS 


Chip Select Setup Time 


5 







5 







ns 


tWHCS 


Chip Select Hold Time 


5 







5 







ns 



A.C. TEST CONDITIONS 



M2125A 



30pF 

(INCLUDING 
SCOPE AND 
JIG) 



ALL INPUT PULSES 
3.5VP-P 



r / 

Vp-p /' 



± 



3.5Vp-p 



K 



90% 
10% 



-y- --10% 
y- 1 - - 90% 



READ CYCLE 



X 



XDATA \( 

UNDEFINED j\ 



\:itKXfK VALID 



PROPAGATION DELAY FROM CHIP SELECT 



\ 



T/jTmj, 

//HIGH Z 77/ 

'MML 



WRITE CYCLE 



\ 



)£ 



^ 



*WSCS 



)£ 



X 



£ 



^R 

77; HIGH ZV 



WL 



f 



(ALL ABOVE MEASUREMENTS REFERENCED TO 1.5V) 
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M2115AL, M2115A, M2125AL, M2125A 



M2125AL, M2125A WRITE ENABLE TO HIGH Z DELAY 



WRITE ENABLE 



\z / 



DATA OUTPUT "0" LEVEL 



HIGH 2 
r]-0.5V 



v=>°-^: 



M2125AL, M2125A PROPAGATION DELAY FROM CHIP SELECT TO HIGH Z 



CHIP SELECT 



fir- 

k *ZRCS -^ 



HIGH Z 

: ]- 0.5V 

} 0.5V 

HIGH Z 



(All tzxxx parameters are measured at a delta of 0.5V from 
the logic level and using Load 1.) 



CAPACITANCE* Vpc =- 5V, f = 1 MHz, Ta = 25° C 



Symbol 


Test 


M2115AL,M2115A 
Limits 


IV12125AL,M2125A 
Limits 


Units 


Test Conditions 


Typ. 


Max. 


Typ. 


Max. 


C| 


Input Capacitance 


3 


5 


3 


5 


PF 


All Inputs = OV, Output Open 


Co 


Output Capacitance 


5 


8 


5 


8 


pF 


CS = 5V, All other inputs = OV, 
Output Open 



*This parameter is periodically sampled and is not 100% tested. 



TYPICAL CHARACTERISTICS 



Ice vs. TEMPERATURE 



•cc vs. Vcc 



ACCESS TIME vs. TEMPERATURE 



















'• 


^ 






IVI2 


115A, 


M2125 


A 












' 





— 


' 


^ 






M2 


115AL 


M212 


5AL 












"^ 


— 


■ 




























V 


:c = 5 


V 



-75 -50 -25 25 50 75 100 125 

TEMPERATURE ( C) 



100 
90 

< 80 

E 












^ 














A^ 


115A, 


M212E 


A 


































^ 70 
60 




























^ 














y 


















/U2 


115AL, M2125AL 


; 


' 










1 1 
Ta = 25 C 
1 1 



12 3 4 5 6 7 



60 








































IVI2115AL, IVI2125AL 


/ 


50 














/ 


















y 








^^ 






^ 


f 


< 

^ 30 






-^ 






^^ 


^ 




^ 


























M2115A, IVI2125A 


20 






















^ 












10 


■^ 












































Vcc = 5V 















1, J 



-75 -50 -25 25 50 75 100 125 

TEMPERATURE ( C) 
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iny 



M2147 
4096 X 1 BIT STATIC RAM 





M2147 


Max. Access Time (ns) 


85 


Max. Active Current (mA) 


180 


Max. Standby Current (mA) 


30 



■ HMOS Technology 

■ Completely Static Memory — No Clock 
or Timing Strobe Required 

■ Equal Access and Cycle Times 

■ Single +5V Supply 

■ ±10% Power Supply Tolerance 



■ Automatic Power-Down 

■ High Density 18-Pin Package 

■ Directly TTL Compatible — All Inputs 
and Outputs 

■ Separate Data Input and Output 

■ Three-State Output 

■ Full Military Temperature Range 

The Intel® M2147 is a 4096-bit static Random Access Memory organized as 4096 words by 1-bit using HMOS, a high- 
performance MOS technology. It uses a uniquely innovative design approach which provides the ease-of-use features 
associated with non-clocked static memories and the reduced standby power dissipation associated with clocked static 
memories. To the military user this means low standby power dissipation without the need for clocks.address setup and 
hold times, nor reduced data rates due to cycle times that are longer than access times. 

CS controls the power-down feature. In less than a cycle time after CS goes high — deselecting the M2147— the part 
automatically reduces its power requirements and remains in this low power standby mode as long as CS remains high. 
This device feature results in system power savings as great as 85% in larger systems, where the majority of devices are de- 
selected. 

The M2147 is placed in an 18-pin package configured with the industry standard pinout. It isdirectlyTTLcompatibleinall 
respects: inputs, outputs, and a single +5V supply. The data is read out nondestructively and has the same polarity as the 
input data. A data input and a separate three-state output are used. 



PIN CONFIGURATION 



LOGIC SYMBOL 



BLOCK DIAGRAM 



AoC 1 

Ai C 2 

A2C 3 

A3C 4 

A4[: 5 

A5 C 6 

DoutC 7 

WeC 8 

GND \Z 9 



18 H Vcc 

17 J Ae 

16 D A7 

15 H As 

14 H Ag 

13 U A10 

12 H An 

11 HDlN 

10 Hcs 





Ao 




Ai 




A2 




A3 




A4 




A5 




Ae DouT 




A7 




As 




A9 




A10 




An 




D,N WE CS 



M2147 



PIN NAMES 



Ao-An 


ADDRESS INPUTS 


Vcc POWER (+5V) 


WE 


WRITE ENABLE 


GND GROUND 


CS 


CHIP SELECT 




D|N 


DATA INPUT 




DoUT 


DATA OUTPUT 




TRUTH TABLE 


w 


WE 


MODE 


OUTPUT 


POWER 


H 

L 
L 


X 

L 
H 


NOT SELECTED 
WRITE 
READ 


HIGHZ 
HIGH Z 
DouT 


STANDBY 
ACTIVE 
ACTIVE 




MEMORY ARRAY 

64 ROWS 

64 COLUMNS 



@ 
© 



COLUMN I/O CIRCUITS 



COLUMN SELECT 



@f@l®l@[@|@ 

Ag Ay Ag Ag Aio A 





^L-^D 



DoUT 
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M2147 



ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias -65°C to +135°C 

Storage Temperature -65°Cto+150°C 

Voltage on Any Pin With 

Respect to Ground -1 .5V to +7V 

Power Dissipation 1 .2W 

D.C. Output Current 20 mA 



"COMMENT. Stresses above those fisted under '^AfySoJute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operh* 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. AND OPERATING CHARACTERISTICS'^^ 

Ta = -55° C to +125°C, Vcc = +5V±10%, unless otherwise specified 



Symbol 


Parameter 


Min. 


M2147 
Typ.[2] 


Max. 


Unit 


Test Conditionsp 


ILI 


Input Load Current 
(All Input Pins) 




0.01 


10 


mA 


Vcc = MAX., ViN = GND to Vcc 


IlLOl 


Output Leakage 
Current 




0.1 


50 


mA 


CS = ViH, Vcc = Max., 
VoUT = GND to 4.5V 


Ice 


Operating Current 




120 


160 


mA 


Ta=25°C 


Vcc=Max., CS=ViL 




180 


mA 


Ta=-55°C 


Outputs Open 


ISB 


Standby Current 




18 


30 


mA 


Vcc=Min. to Max., CS=Vih 


|P0[3] 


Peak Power On 
Current 




35 


70 


mA 


Vcc=GND to Vcc Min., 
CS=Lower of Vcc or Vih Min. 


ViL 


Input Low Voltage 


-1.0 




0.8 


V 




VlH 


Input High Voltage 


2.0 




6.0 


V 




Vol 


Output Low Voltage 


0.45 


V 


lOL = 5mA 


VOH 


Output High Voltage 


2.4 


V 


loH = -1.0mA 


losf^J 


Output Short Circuit 
Current 


-150 




150 


mA 


VouT = GND to Vcc 



Notes: 

1. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet per minute. 

2. Typical limits are at Vcc = 5V, Ta = +25°C, and specified loading. 

3. Ice exceeds Isb maximum durmg power on, as shown in Graph 7. A pull-up resistor to Vcc on the CS input is required to keep the device 
deselected; otherwise, power-on current approaches Ice active. 

4. Duration not to exceed 30 seconds. 

A.C. TEST CONDITIONS 



Input Pulse Levels 

Input Rise and Fall Times 

Input and Output Timing Reference 

Levels 
Output Load 



GND to 3.5 Volts 
10 nsec 

1.5 Volts 
See Figure 1 



30 pF 
, (INCLUDING 
SCOPE AND 
JIG) 



CAPACITANCE 

Ta = 25°C, f = 1.0MHz f^^ 



Symbol 


Parameter 


Max. 


Unit 


Conditions 


C|N 


Input Capacitance 


5 


pF 


V|N=OV 


CoUT 


Output Capacitance 


6 


pF 


VouT = OV 



Note 5. This parameter is sampled and not 100% tested. 



Figure 1. Output Load 
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M2147 

A.C. CHARACTERISTICS 

Ta = -55° C to +125°C, Vcc = +5V±10%, unless otherwise specified 

READ CYCLE 



Symbol 


Parameter 


M2147 
Min. Max. 


Unit 


Test 
Conditions 


tRC 


Read Cycle Time 


85 


ns 




tAA 


Address Access Time 


85 


ns 




tACSI 


Chip Select Access Time 


85 


ns 


Note 1 


tACS2 


Chip Select Access Time 


100 


ns 


Note 2 


tOH 


Output Hold from Address Change 


5 


ns 




tLZ 


Chip Selection to Output in Low Z 


10 


ns 




tHZ 


Chip Deselection to Output in High Z 


40 


ns 




tpu 


Chip Selection to Power Up Time 





ns 




tPD 


Chip Deselection to Power Down Time 


30 


ns 





WAVEFORMS 



READ CYCLE NO. 1 



[3,4] 



•Z}( 



DATA OUT PREVIOUS DATA VALID 



UXl 



DATA VALID 



READ CYCLE NO. 2 



[3,5] 



SUPPLY 
CURRENT IsB- 



HIGH IMPEDANCE 



7^^ 



■(X23( 



j^ 



DATA VALID 



IMPEDANCE 



\ 



Notes 1 Chip deselected for greater than 55ns prior to selection. 

2. Chip deselected for a finite time that is less than 55ns prior to selection. (If the deselect time is 0ns, the chip is by definition 

selected and access occurs according to Read Cycle No. 1 ) 
3 WE is high for Read Cycles. 

4. Device is continuously selected, CS = Vil. 

5. Addresses valid prior to or coincident with CS transition low. 
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M2147 



A.C. CHARACTERISTICS (Continued) 
WRITE CYCLE 


Symbol 


Parameter 


M2147 
Min. Max. 


Unit 


Test 
Conditions 


twc 


Write Cycle Time 


85 


ns 




tew 


Chip Selection to End of Write 


70 


ns 




tAW 


Address Valid to End of Write 


70 


ns 




tAS 


Address Setup Time 





ns 




tWP 


Write Pulse Width 


55 


ns 




tWR 


Write Recovery Time 


15 


ns 




tow 


Data Valid to End of Write 


35 


ns 




tDH 


Data Hold Time 


10 


ns 




twz 


Write Enabled to Output in High Z 


50 


ns 




tow 


Output Active from End of Write 





ns 





WAVEFORMS 

WRITE CYCLE #1 (WE CONTROLLED) 



^I3( 



'X^;2i 



£nzuzL 



\xi^ 



DATA IN VALID 



DATA UNDEFINED 



j'' 



HIGH IMPEDANCE 



WRITE CYCLE #2 (CS CONTROLLED) 



0( 



\ 



J 



-- \ \ \ \ \ \ \ S XS2i 



il ////// / 



DATA IN VALID 



DATA UNDEFINED 



HIGH IMPEDANCE 



Note: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
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M2147 



TYPICAL D.C. AND A.C. CHARACTERISTICS 



S 50 



GRAPH 1 

SUPPLY CURRENT VS. 

SUPPLY VOLTAGE 





Ice 





_-— 














Ta - 


?5 C 












'SB 













4.50 4.75 



5.00 

Vcc (V) 



S 50 



GRAPH 2 

SUPPLY CURRENT VS. 

AMBIENT TEMPERATURE 



^ 












^...^^^[cc 


- 








= 5.0V 






^cc 






•sB 













5.25 5.50 



596 






M 









ORA^^.>..,J^ 



OUTPUT SOURCE CuS<«j|^'^/)fc(S7f ^- 

OUTPUT VOLTAcfe'Sj'' 4, * 



Vcc = 


5.0V 






Ta = 


25 C 










s. 








\ 








N 


\ 



2.0 

VoUT (V) 



GRAPH 4 

NORMALIZED ACCESS TIME 

VS. SUPPLY VOLTAGE 









^ACS 












tAA 
15 C 

















GRAPH 5 

NORMALIZED ACCESS TIME VS. 

AMBIENT TEMPERATURE 















J 


[/ 




Ua >^ 


y/ 


= 5.0V 


-^ 


/tAcs 


Vcc 



GRAPH 6 

OUTPUT SINK CURRENT VS. 

OUTPUT VOLTAGE 





/ 








/ 






/ 


/ 






/ 




Vcc = 


5.0V 


/ 




Ta = 


25 C 



4.75 5.00 5.25 

Vcc (V) 



1.0 2.0 3.0 4.0 

VoUT (V) 



GRAPH 7 
TYPICAL POWER-ON CURRENT 
VS. POWER SUPPLY VOLTAGE 



GRAPH 8 

ACCESS TIME CHANGE VS. 

INPUT VOLTAGE 



GRAPH 9 

ACCESS TIME CHANGE VS. 

OUTPUT LOADING 



li 'si 















/ 


^ 












— / 


r 





N 














1 ^* 


Ta- 

CJ2 OS PU 


?5°C 
LL-UP RE 


SISTOR 


rovcc 



2.0 3.0 

Vcc (V) 





























/ 




V. 


Ta 
Vcc 


= 70 C 
= 5.0V 











20 




















X 


/^ 




'^ 




/ 










/ 


/ 




Ta = 


70 C 




/ 






VccM 


IN 





/ 





















200 300 400 

Cl (pF) 
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M2147 



DEVICE DESCRIPTION 

The M2147 is produced with HMOS, a new high- 
performance MOS technology which incorporates on- 
chip substrate bias generation combined with device 
scaling to achieve high-performance. The speed-power 
product of this process has been measured at Ipj, 
approximately four times better than previous MOS 
processes. 

This process, combined with new design ideas, gives the 
M2147 its unique features. High speed, low power and 
ease-of-use have been obtained in a single part. The low- 
power feature is controlled with the Chip Select input, 
which is not a clock and does not have to be cycled. 
Multiple read or write operations are possible during a 
single select period. Access times are equal to cycle times, 
resulting in a data rate of 11.8 MHz. This is considerably 
higher performance than for clocked static designs. 

Whenever the M2147 is deselected, it automatically re- 
duces its power requirements to a fraction of the active 
power, as shown in Figure 1. This is achieved by switching 
off the power to unnecessary portions of the internal 
peripheral circuitry. This feature adds up to significant 
system power savings. The average power per device 
declines as system size grows because a continually 
higher portion of the memory is deselected. Device power 
dissipation asymptotically approaches the standby power 
level, as shown in Figure 2. 
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FIGURE 1. ice WAVEFORM. 




4K8K 16K 32K 

MEMORY SIZE IN WORDS 



There is no functional constraint on the amount of tlrihethe 
M2147 is deselected. However, there is a relationship 
between deselect time and Chip Select access time. With , 
no compensation, the automatic power switch would 
cause an increase in Chip Select access time, since some 
time is lost in repowering the device upon selection. A 
feature of the M2147 design is its ability to compensate for 
this loss. The amount of compensation is a function of 
deselect time, as shown in Figure 3. For short deselect 
times, Chip Select access time becomes slower than 
address access time, since full compensation typically 
requires 40ns. For longer deselect times, Chip Select 
access time actually becomes faster than address access 
time becausethecompensation more than offsets the time 
lost in powering up. The spec accounts for this 
characteristic by specifying two Chip Select access times, 
tACSi and tACS2. 



H ^ACS2 




20 40 60 80 

DESELECT TIME (ns) 

FIGURE 3. tAcs VS. DESELECT TIME. 

The power switching characteristic of the M2147 requires 
more careful decoupling than would be required of a 
constant power device. It is recommended that a 0. VF to 
0.3)uF ceramic capacitor be used on every other device, 
with a 22)uF to 47/uF bulk electrolytic decoupler every 16 
devices. The actual values to be used will depend on board 
layout, trace widths and duty cycle. Power supply 
gridding is recommended for PC board layout. A very 
satisfactory grid can be developed on a two-layer board 
with vertical traces on one side and horizontal traces on 
the other, as shown in Figure 4. 




n 



^ 



FIGURE 4. PC LAYOUT. 



FIGURE 2. AVERAGE DEVICE DISSIPATION VS. 
iMEMORY SIZE. 



Terminations are recommended on input signal lines to 
the M2147 devices. In high speed systems, fast drivers can 
cause significant reflections when driving the high 
impedance inputs of the M2147, Terminations may be 
required to match the impedance of the line to the driver. 
The type of termination used depends on designer 
preference and may be parallel resistive or resistive- 
capacitive. The latter reduces terminator power dis- 
sipation. 
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intel 
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4> 



M2708 
8K (IK X 8) UV ERASABLE PROM 



'■ - '• ,», *' 






■ Extended Temperature Range: 
-SS^'CtolOO^C 

■ Fast Programming: Typ. 100 sec. For All 
8K Bits 

■ Low Power During Programming 

■ Access Time: 450 ns Max. 

■ Standard Power Supplies: 
+ 12V, +5V, -5V 



>'4#,C; 



Static: No Clocks Required 



■ Inputs and Outputs TTL Compatible 
During Both Read and Program Modes 

■ Three-State Output: OR-Tie Capability 

■ Hermetic Package: 24 Pin DIP 



The Intel M2708 is a high speed 8192 bit erasable and electrically reprogrammable ROM (EPROM) ideally suited where fast 
turn around and pattern experimentation are important requirements. 

The M2708 is packaged in a 24-pin dual-in-line package with transparent lid. The transparent lid allows the user to expose the 
chip to ultraviolet light to erase the bit pattern. A new pattern can then be written into the devices. 

The M2708 is fabricated with the time proven N-channel silicon gate technology. 



A7C 

AeC 

AbC 

A4C 

AsE 

A2C 

Aid 

(LSB) AoC 
(LSB) 00 C 

0.1: 

02 



PIN CONFIGURATION 
— vy- 



M2708 



Hvcc 

DA8 

3 A9 (MSB) 

~|CS/WE 
19 HMjd 
18 3 PROGRAM 
17 3 07 (MSB) 
16 3 06 
15 ^05 
m I I W4 
13 I] 03 



PIN NAMES 



A0A9 


ADDRESS INPUTS 


01-08 


DATA OUTPUTS 


CS/WE 


CHIP SELECT/WRITE ENABLE INPUT 



BLOCK DIAGRAM 



DATA OUTPUT 
O0-O7 









I 
















■} 


cs/v\ 




CHIP SELECT 
LOGIC 




OUTPUT BUFFERS 














>— 


Y 
DECODER 




Y GATING 




■ 




a' I 


: 




a' - 




A3 






DECODER 


M X 1?8 
HUM AHHAY 






INPUTS 


• 




A : 




. — -^ 




\k— 































PIN CONNECTION DURir 


JG READ OR PROGRAM 








PIN NUMBER 




ADDRESS 


y 














DATA I/O 


INPUTS 


<" 














9-11, 


1-8, 


vsi 


PROGRAM 


Vdd 


CS/WE 


Vbb 


Vcc 


MODE 


13-17 


22,23 


12 


18 


19 


20 


21 


24 


READ 


DoUT 


A|N 


GND 


GND 


-H2 


V,L 


-5 


+5 


DESELECT 


HIGH IMPEDANCE 


DON'T CARE 


GND 


GND 


+12 


V|H 


-5 


+5 


PROGRAM 


Dim 


A,N 


GND 


PULSED 
VtHP 


+12 


ViHW 


-5 


+5 
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M2708 



Absolute Maximum Ratings '' 

Temperature Under Bias -65°Cto 110°C 

Storage Temperature -65°C to +125°C 

Vdd With Respect to Vbb +20V to -0.3V 

Vcc and Vss With Respect to Vbb +15V to -0.3V 

All Input or Output Voltages With Respect 

to Vbb During Read +15V to -0.3V 

CS/WE Input With Respect to Vbb 

During Programming +20V to -0.3V 

Program Input With Respect to Vbb +35V to -0 3V 

Power Dissipation 1.8W 



'COMMENT 

Stresses above those listed under "Absolute Maxirttum. 
Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional op&mtion 
of the device at these or any other conditions abpve 
those indicated in the operational sections of thrs 
specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may 
affect device reliability. 



READ OPERATION 

D.C. and Operating Characteristics 

TA = -55°Cto 100°C, Vcc = +5V±10%, Vqd = +12V ±10%, Vbb^^^ = -5V ±10%, Vss = OV, unless otherwise noted. 



Symbol 


Parameter 


Min. 


Typ.[2] 


Max. 


Unit 


Conditions 


Ili 


Address and Chip Select Input Sink Current 




1 


10 


A^A 


V,N = 5.5VorV,N = V,L 


Ilo 


Output Leakage Current 




1 


10 


)UA 


VouT = 5.5 V, CS/WE = 5V 


Idd>^' 


Vdd Supply Current 




50 


80 


mA 


Worst Case Supply Currents: 


Icc'^l 


Vqq Supply Current 




6 


15 


mA 


All Inputs High 


Ibb'3' 


Vbb Supply Current 




30 


60 


mA 


CS/WE = 5V; Ta = -55°C 


V|L 


Input Low Voltage 


Vss 




0.65 


V 




V|H 


Input High Voltage 


3.0 




Vcc + 1 


V 




Vol 


Output Low Voltage 


0.45 


V 


l0L= 1.6mA 


VOHI 


Output High Voltage 


3.7 


V 


loH = -100iuA 


VoH2 


Output High Voltage 


2.4 


V 


loH =-1mA 


Pd 


Power Dissipation 


750 


mW 


Ta = 100°C 



NOTES: 1 . Vbb rnust be applied prior to Vqc srid Vdd- ^bB rnust also be the last power supply switched off. 

2. Typical values are for Ta == 25°C and nominal supply voltages. 

3. The total power dissipation of the 2704/2708 is specified at 750 mW. It is not calculated by sunnming the various currents (IdD' 
'CC' ^"d Ibb^ rnultiplied by their respective voltages since current paths exist between the various power supplies and Vss- The 
'DD' 'CC' ^^^ 'BB currents should be used to determine power supply capacity only. 



Typical D.C. Characteristics 

IbB CURRENT VS. TEMPERATURE Iqd CURRENT VS. TEMPERATURE 
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A.C- Characteristics ''-'.-)U\.v„, '' i;'\4^ .^ 

Ta = -55°C to 100°C, Vcc = +5V ±10%, VpD = +12V ±10%, Vbb = -5V ±10%, Vss = OV, Unie&Otherwise ivffe&l^^^^ 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


'^ 


Ucc 




Address to Output Delay 




280 


450 


ns 


tco 


Chip Select to Output Delay 




60 


120 


ns 


tDF 


Chip De-Select to Output Float 







120 


ns 


tOH 


Address to Output Hold 









ns 



Capacitance^i 1 Ta = 25°C, f = 


= 1MH 


z 






Symbol 


Parameter 


Typ. 


Max. 


Unit 


Conditions 


Qn 


Input Capacitance 


4 


6 


pF 


V,N=OV 


Cqut 


Output Capacitance 


8 


12 


pF 


VouT=OV 



Note 1. This parameter is sampled and not 100% tested. 



A.C. TEST CONDITIONS: 

Output Load: 1 TTL gate and Cl = 100 pF 

Input Rise and Fall Times: <20 ns 

Timing Measurement Reference Levels: 0.8V and 

2.8V for inputs; 0.8V and 2.4V for outputs 
Input Pulse Levels: 0.65V to 3.0V 



Waveforms 



DATA 
OUT 



DATA OUT INVALID 



.-^1 



DATA OUT 
FLOATING 



ERASURE CHARACTERISTICS 

The erasure characteristics of the MZ/Utt are sucn inciL 
erasure begins to occur when exposed to light with wave- 
lengths shorter than approximately 4000 Angstroms (A). It 
should be noted that sunlight and certain types of fluores- 
cent lamps have wavelengths in the 3000— 4000A range. 
Data show that constant exposure to room level fluorescent 
lighting could erase the typical M2708 in approximately 3 
years, while it would take approximatley 1 week to cause 
erasure when exposed to direct sunlight. If the M2708 is to 
be exposed to these types of lighting conditions for ex- 
tended periods of time, opaque labels are available from 
Intel which should be placed over the M2708 window to 
prevent unintentional erasure. 



Tiic IOV.W ^..J^J _:.: r: -•<— '"'>'> note Pptaion 

PROM/ROM Programming Instructions section) for the 
M2708 is exposure to shortwave ultraviolet light which has 
a wavelength of 2537 Angstroms (A). The integrated dose 
(i.e., UV intensity X exposure time) for erasure should be 
a minimum of 15 W-sec/cm2. The erasure time with this 
dosage is approximately 15 to 20 minutes using an ultra- 
violet lamp with a 1200 iuW/cm2 power rating. The M2708 
should be placed within 1 inch of the lamp tubes during 
erasure. Some lamps have a filter on their tubes which 
should be removed before erasure. 
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I. ERASING PROCEDURE 

The M2708 is erased by exposure to high intensity short wave ultraviolet light at a wavelength of 2537A. The recommettd^d mte- 
grated dose (i.e., UV intensity x exposure time) is 10W-sec/cm2. An example of an ultraviolet source which can era§:e the M2,|08 
in 30 minutes is the Model S52 short wave ultraviolet lamp. The lamp should be used without short wave filters and ^hi PROM \ 
should be placed about one inch away from the lamp tubes. 

Two manufacturers of the S52 are Ultra-Violet Products, Inc. (San Gabriel, Calif.) and Product Specialities, Inc. (Issaquaii,f 
Washington). 

To prevent damage to the device, it is recommended that no more ultraviolet light exposure be used than that necessary to erase 
the M2708. 

II. PROGRAMMING INSTRUCTIONS 

Initially, and after each erasure, all bits of the M2708are in the "^" state (Output High). Information is introduced by selectively 
programming "0" into the desired bit locations. A programmed "0" can only be changed to a "^" by UV erasure. 

The circuit is set up for programming operation by raising the CS/WE input (Pin 20) to +12V. The word address is selected in the 
same manner as in the read mode. Data to be programmed are presented, 8-bits in parallel, to the data output lines (Oi-Og). 
Logic levels for address and data lines and the supply voltages are the same as for the read mode. After address and data set up 
one program pulse per address is applied to the program input (Pin 18). One pass through all addresses is defined as a program 
loop. The number of loops (N) required is a function of the program pulse width (tpw) according to N x tpw >100 ms. 

The width of the program pulse is from 0.1 to 1 ms. The number of loops (N) is from a minimum of 100 (tpw = 1 ms) to greater 
than 1000 (tpw = 0.1 ms). There must be N successive loops through all 1024 addresses, /t Is not permitted to appfy N program 
pulses to an address and then change to the next address to be programmed. Caution should be observed regarding the end of a 
program sequence. The CS/WE falling edge transition must occur before the first address transition when changing from a program 
to a read cycle. The program pin should also be pulled down to V||_p with an active instead of a passive device. This pin will source 
a small amount of current (I|pl) when CS/WE is at V|hw (12V) and the program pulse is at V|Lp. 

Programming Examples (Using N x tpw > 100 ms) 

Example 1: All 8096 bits are to be programme;d with a 0.5 ms program pulse width. 

The minimum number of program loops is 200. One program loop consists of words to 1023. 

Example 2: Words to 100 and 500 to 600 are to be programmed. All other bits are "don't care". The program pulse width 
is 0.75 ms. , 

The minimum number of program loops is 133. One program loop consists of words to 1023. The data entered 
into the "don't care" bits should be all I's. 

Example 3: Same requirements as example 2 but the PROM is now to be updated to include data for words 750 to 770. 

The minimum number of program loops is 133. One program loop consists of words to 1023. The data entered 
into the "don't care" bits should be all I's. Addresses to 100 and 500 to 600 must be re-programmed with their 
original data pattern. 
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PROGRAM CHARACTERISTICS 

Ta = 25° C, Vcc = 5V ±5%, Vdd = +12V ±5%, Vbb = -5V ±5%, Vss = OV, Unless Otherwise Noted. 

D.C. Programming Characteristics 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


«u 


Address and CS/WE Input Sink Current 






10 


ma 


V,N = 5.25V 


'iPL 


Program Pulse Source Current 






3 


mA 




hPH 


Program Pulse Sink Current 






20 


mA 




•dd 


Vdd Supply Current 




45 


55 


mA 


Worst Case Supply Currents: 


•cc 


Vcc Supply Current 




5 


8 


mA 


All Inputs High 


Ibb 


Vbb Supply Current 




30 


35 


mA 


CS/WE = 5V;Ta = 25°C 


VlL 


Input Low Level (except Program) 


Vss 




0.65 


V 




ViH 


Input High Level for ail Addresses and Data 


3.0 




Vcc + 1 


V 




V|HW 


CS/WE Input High Level 


11.4 




12.6 


V 


Referenced to Vss 


V,HP 


Program Pulse High Level 


25 




27 


V 


Referenced to Vss 


V|LP 


Program Pulse Low Level 


Vss 




1 


V 


V|HP - V|LP = 25V min. 



A.C. Programming Characteristics 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Units 


tAS 


Address Setup Time 


10 






MS 


tcss 


CS/WE Setup Time 


10 






Ids 


tDS 


Data Setup Time 


10 






MS 


tAH 


Address Hold Time 


1 






fis 


tCH 


CS/WE Hold Time 


.5 






Ids 


^DH 


Data Hold Time 


1 






lis 


tDF 


Chip Deselect to Output Float Delay 







120 


ns 


tpPR 


Program To Read Delay 






10 


MS 


tpw 


Program Pulse Width 


.1 




1.0 


ms 


tpR 


Program Pulse Rise Time 


.5 




2.0 


MS 


tpF 


Program Pulse Fall Time 


.5 




2.0 


MS 



NOTE: Intels standard product warranty applies only to devices programmed to specifications described herein. 
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Programming Waveforms 



M2708 




READ ^ 

(AFTER N 
PROG. LOOPS) 






— t . -p 450ns MAX 



DATA OUT DATA OUT 
INVALID VALID 



— toppdOMAX) 



NOTE 1. THE CS/WE TRANSITION MUST OCCUR AFTER THE PROGRAM PULSE TRANSITION 

AND BEFORE THE ADDRESS TRANSITION. 
NOTE 2. NUMBERS IN ( ) INDICATE MINIMUM TIMING IN mS UNLESS OTHERWISE SPECIFIED. 



Packaging Information 



24 LEAD HERMETIC DUAL IN-LINE PACKAGE 





Printed in U.S.A. 



IVIMC-061/0476 
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M2716 
16K (2K X 8) UV ERASABLE PROM 



Extended Temperature Range 
- 55*^0 to + 100^C Operation 

Single + 5V Power Supply 

Single Programming Requirements 

— Single Location Programming 

— Programs with One 50 ms Pulse 



■ Static Standby Mode 

■ Low Power Dissipation of 165 mW 
max. standby power 

■ Fast Access Time; 450 ns max. 

■ Inputs and Outputs TTL Compatible 
during Read and Program 



The Intel® M2716 is a 16,384-bit ultraviolet erasable and electrically programmable read only memory (EPROM) 
specified over the - SS^C to + lOCC temperature range. The M2716 operates from a single + 5V power supply, has a 
static power-down mode, and features fast, single-address location programming. It makes designing with EPROMs 
faster, easier and more economical. 

The M2716 has a static standby mode which reduces the power dissipation without increasing access time. The active 
power dissipation is reduced by over 60% in the standby power mode. 

The M2716 has the simplest and fastest method devised yet for programming EPROMs — single pulse TTL level pro- 
gramming. No need for high voltage pulsing because all programming controls are handled by TTL signals. Program 
any location at any time — either individually, sequentially or at random, with the M2716's single-address location pro- 
gramming. Total programming time for all 16,384 bits is only 100 seconds. 



PIN CONFIGURATION 



MODE SELECTION 



A7C 1 

A6C 2 
ASC 3 
A4C 4 
A3C 5 
A2C 6 
AlC 7 
AoC 8 
Ooq9 

v/1 l_l lU 

02 C 11 
GNDC 12 



24 D^CC 
23 3 As 
22 3A9 
21 DVPP 

20 Doe 

19 DA10 
18 DCE 
17 3 07 
16p06 

14n04 
13p03 



\. PINS 
MODE \^ 


CE/PGM 
(18) 


OE 
(20) 


Vpp 

(21) 


vcc 

(24) 


OUTPUTS 
(9-11, 13-17) 


Read 


V|L 


V|L 


+5 


+5 


Dqut 


Standby 


V|H 


Don't Care 


+5 


+5 


High Z 


Program 


Pulsed V||_ to V|H 


V|H 


+25 


+5 


D|N 


Program Verify 


V|L 


ViL 


+25 


+5 


Dqut 


" 




y,... 


+9K 


+'S 


HiQh Z 



BLOCK DIAGRAM 



PIN NAMES 



A0-A10 


ADDRESSES 


CE/PGM 


CHIP ENABLE/PROGRAM 


OE 


OUTPUT ENABLE 


O0-O7 


OUTPUTS 



OUTPUT ENABLE 

CHIP ENABLE AND 

PROG LOGIC 



A0-A10 

ADDRESS 

INPUTS 
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OUTPUT BUFFERS 




M2716 

PROGRAMMING 

The programming specifications are described in the Data Catalog PROMIROM Programming Instructions S&ction 

Absolute Maximum Ratings* 

Temperature Under Bias -65°C to + 110°C 

Storage Temperature -65°C to + 125°C *COMMENT: Stresses above those listed under "Absolute Maximum 

All Input or Output Voltages with Ratings" may cause permanent damage to the device. This is a stress 

Resoect to Ground + 6V to - 3V rating only and functional operation of the device at these or any other 

conditions above those indicated in the operational sections of this 

Vpp Supply Voltage with Respect specification is not implied. Exposure to absolute maximum rating con- 
to Ground During Program + 26.5V to - 0.3V ditions for extended periods may affect device reliability. 



READ OPERATION 

D.C. and Operating Characteristics 

Ta= -55XtO +100X,Vccf^'^^= +5V±10%,Vpp[2] = Vcc 



Symbol 


Parameter 


Limits 


Unit 


Conditions 


Min. 


Typi[3] 


Max. 


III 


Input Load Current 






10 


mA 


V|N = 5.50V 


ILO 


Output Leakage Current 






10 


mA 


VouT = 5.50V 


|ppi[2] 


Vpp Current 






5 


mA 


Vpp = 5.50V 


Iccif2^ 


Vcc Current (Standby) 




10 


30 


mA 


CE = V,H,OE = V,L 


Icc2f2] 


Vcc Current (Active) 




57 


115 


mA 


OE = CE = V,L 


V|L 


Input Low Voltage 


-0.1 




0.8 


V 




V|H 


Input High Voltage 


2.0 




Vcc+1 


V 




Vol 


Output Low Voltage 






0.45 


V 


loL=2.1 mA 


VoH 


Output High Voltage 


2.4 






V 


Ioh=-400mA 



NOTES: 1. \/qq must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 

2. Vpp may be connected directly to Vqq except during programming. Ttie supply current would ttien be the sum oflQQ and lpp-|. 

3. Typical values are forT^ = 25°C and nominal supply voltages. 

4. This parameter is only sampled and is not 100% tested. 



Typical Characteristics 



Ice CURRENT 
TEMPERATURE 





















600 






^ 














500 












^ 








f 400 










Ice 


2 ACI 


IVEC 


CURRENT 


<30« 










^ CE = V|L 
Vcc = 5V 










1 1 1 1 

CC1 STANDBY CURRENT J 


200 


— 




- , 




CE = V|H 
, . Vcc = 5V . 


100 












-- 


- 


- 
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-60 -40 -20 20 40 60 
TEMPERATURE CO 
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A.C. Characteristics 

Ta= -SS^Cto +100X. Vcc^^'21= +5V±10%, Vppl2]=Vcc 


Symbol 


Parameter 


Limits 


Unit 


Test 
Conditions 


IVIin. 


Typ. 


Max. 


*ACC 


Address to Output Delay 






450 


ns 


CE = OE = V||_ 


*CE 


CE to Output Delay 






450 


ns 


OE = V,L 


*0E 


Output Enable to Output Delay 






150 


ns 


CE = V,L 


*DF 


Output Enable High to Output Float 







130 


ns 


CE = V,L 


*0H 


Output Hold From Addresses, CE or 
OE Whichever Occurred First 









ns 


CE = OE = V„_ 



Capacitancel^lTA = 25°C, f=1 MHz 



Symbol 


Parameter 


Typ. 


Max. 


Unit 


Conditions 


CjN 


Input Capacitance 


4 


6 


PF 


v,N = ov 


Gout 


Output Capacitance 


8 


12 


PF 


VouT = OV 



A.C. Waveforms^^J 



A.C. Test Conditions: 

Output Load: 1 TTL gate and Cl= 100 pF 
Input Rise and Fall Times: <20 ns 
Input Pulse Levels: 0.8V to 2.2V 
Tinning Measurennent Reference Level: 

Inputs 1Vand2V 

Outputs 0.8V and 2V 



ADDRESSES 



X 



CE- 



OE- 



\ 



ADDRESSES 
VALID 



tCE 
(450 MAX.)" 



\ 



\- 



tOE 
(150 MAX.) 

[6] 



tACC 
■ (4bU IVIAX.)- 

[6] 



X 



^ 



(O) I 



VALID OUTPUT 



tDF 

(130 MAX.) 

[7] 



HIGH Z 



NOTES: 1. Vcc must be applied simultaneously or before Vpp and removed simultane- 
ously or after Vpp. 

2. Vpp may be connected directly to Vcc except during programming. The 
supply current would then be the sum of Ice and lppi. 

3. Typical values are for Ta = 25°C and nominal supply voltages. 

4. This parameter is only sampled and is not 100% tested. 

5. All times shown in parentheses are minimum and are nsec unless other- 
wise specified. 

6. OE may be delayed up to tACC-tOE after the falling edge of CE without 
impact on tAcc- 

7. toF is specified from OE or CE, whichever occurs first. 
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TYPICAL 16K EPROM SYSTEM 



M8212 
ADDRESS 
LATCH 



Kat 



\ A,3 



TT 



- \CE2 



""'"if;">^ 



«' ^^'-k 



"0-7 — ■% 

CEo "" V ___ 



\ctn 



TceT 






^CE6 



-^ 



This scheme accomplished by using CE as the primary decode. OE is now controlled by previously 
unused signal. RD now controls data on and off the bus by way of OE. 

The use of a PROM as a decoder allows for 

a) Compatibility with upward (and downward) memory expansion. 

b) Easy assignment of ROIM memory modules, compatible with PL/IM modular software concepts. 



8K, 16K, 32K, 64K 5V EPROM/ROM FAMILY 
PRINTED CIRCUIT BOARD LAYOUT 




?r 



9 III B I I I II I 

I i I 

^ Ci <i COMPONENT SlOE 

Oo Oi O2 O3 CEi O4 O5 Oe O7 CE2 



Ic? 



■ 



ERASURE CHARACTERISTICS 

The erasure characteristics of the M2716 are such that 
erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Ang- 
stroms (A). It should be noted that sunlight and certain 
types of fluorescent lamps have wavelengths in the 
3000-4000A range. Data show that constant exposure 
to room level fluorescent lighting could erase the 
typical device in approximately 3 years, while it would 
take approximately 1 week to cause erasure when ex- 
posed to direct sunlight. If the M2716 is to be exposed 
to these types of lighting conditions for extended 
periods of time, opaque labels are available from Intel 



which should be placed over the M2716 window to pre- 
vent unintentional erasure. 

The recommended erasure procedure (see Data Catalog 
PROM/ROM Programming Instruction Section) for the 
M2716 is exposure to shortwave ultraviolet light which 
has a wavelength of 2537 Angstroms (A ). The integrated 
dose (i.e., UV intensity x exposure time) for erasure 
should be a minimum of 15 W-sec/CM2. The erasure time 
with this dosage is approximately 15 to 20 minutes 
using an ultraviolet lamp with a 12000 m W/cm2 power 
rating. The device should be placed within 1 inch of the 
lamp tubes during erasure. Some lamps have a filter on 
their tubes which should be removed before erasure. 
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DEVICE OPERATION 

The five modes of operation of the M2716 are listed in 
Table 1. It should be noted that all inputs for the five 
modes are at TTL levels. The power supplies required 
are a + 5V Vqc and a Vpp. The Vpp power supply must be 
at 25V during the three programming modes, and must 
be at 5V in the other two modes. 

MODE SELECTION 



PROGRAMMING 



tv; 



^\ PINS 
MODE \^^ 


CE/PGM 
(18) 


OE 

(20) 


Vpp 

(21) 


vcc 

(24) 


OUTPUTS 
(9-11, 13-17) 


Read 


^'IL 


V|L 


+5 


+ 5 


DOUT 


Standby 


V|H 


Don't Care 


+5 


+5 


High 2 


Program 


Pulsed V||_ to V|H 


VlH 


+25 


+5 


D|N 


Program Verify 


V|L 


V|L 


+25 


+5 


DOUT 


Program Inhibit 


V|L 


V|H 


+25 


+5 


High Z 



READ MODE 

The M2716 has two control functions, both of which 
must be logically satisfied^ in order to obtain dat at the 
outputs. Chip Enable (CE) is the power control and 
should be used for device selection. Output Enable (OE) 
is the output control and should be used to gate data to 
the output pins, independent of device selection. 
Assuming that addresses are stable, address access 
time (tAcc) 's equal to the delay from CE to output (tcE)- 
Data is available at the outputs 150 ns (toE) after the fall- 
ing edge of OlE, assuming that CE has been low and 
addresses have been stable for at least tAcc-^OE- 



Initially, and after each erasure, all bit^ of the ^/f2Hiaire 
in the "1" state. Data is introduced by sele(^|IV0ly pfQf!' 
gramming "O's" Into the desired bit locationS.J\||^|)u^h 
only "O's" wil be programmed, both "1's" and "0'i^'i;|i?^' , 
be presented in the data word. The only way to change-s^ij 
"0" to a "1" is by ultraviolet light erasure. 

The M2716 is in the programming mode when the Vpp 
power supply is at 25V and OT is at V|h. The data to be 
programmed is applied 8 bits in parallel to the data out- 
put pins. The levels required for the address and data 
inputs are TTL. 

When the address and data are stable, a 50 msec, active 
high, TTL program pulse is applied to the CE input. A 
program pulse must be applied at each address location 
to be programmed. You can progam any location at any 
time — either Individually, sequentially, or at random. 
The program pulse has a maximum wit)dth of 55 msec. 
The M2716 must not be programmed with a DC signal 
applied to the CE input. 

Programming of multiple M2716's in parallel with the 
same data can be easily accomplished due to the sim- 
plicity of the programming requirements. Like inputs of 
the paralleled M2716's may be connected together when 
they are programmed with the same data. A high level 
TTL pulse applied to the CE input programs the paral- 
leled M2716's. 



STANDBY MODE 

The M2716 has a standby mode which reduces the ac- 
tive power dissipation by 75%, from 633 mW to 165 mW. 
The M2716 is placed in the standby mode by applying a 
TTL high special to the CE input. When in standby 
mode, the outputs are in a high impedance state, Inde- 
pendent of the OE input. 



PROGRAM INHIBIT 

Programming of multiple M2716's in parallel with dif- 
ferent data is also easily accomplished. Except for CE, 
all like units (including OE) of the parallel M2716's may 
be common. A TTL level program pulse applied to a 
M2716's CE input with Vpp at 25V will program that 
M2716. A low level CE input inhibits the other M2716 
from being programmed. 



OUTPUT ORTIEING 



Because M2716's are usually used in larger memory 
arrays, Intel has provided a 2 line control function that 
accommodates this use of multiple memory connec- 
tions. The two line coritrol function allows for 

a) the lowest possible memory power dissipation, and, 

b) complete assurance that output bus contention will 
not occur. 

To most efficiently use these two control lines, it is rec- 
ommended that CE (pin 18) be decoded and^used as the 
primary device selecting function, while OE (pin 20) be 
made a common connection to all devices in the array 
and connected to the READ line from the system control 
bus. This assures that all deselected memory devices 
are in their low power standby mode and that the output 
pins are only active when data is desired from a par- 
ticular memory device. 



PROGRAM VERIFY 

A verify should be performed on the programmed bits to 
determine that they were correctly programmed. The 
verify may be performed with Vpp at 25V. Except during 
programming and program verify, Vpp must be at^V. 



DEVICE RELIABILITY 

TheM2716 is built on a proven 2 layer polysilicon NMOS 
technology. Extensive testing and monitoring has allow- 
ed us to achieve failure rates equal to other memory 
devices. For detailed failure rate predictions and 
reliability data, request Intel 2716 Reliability Report. 
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Intel 



M3604A, M3624A 
4K (512 X 8) HIGH-SPEED PROM 



Military Temperature Range: 
-55°Cto+125°C 

Fast Access Time — 90nsec l\/iaximum 

Open Collector (M3604A) or 
Three-State (M3624A) Outputs 



Four Chip Select Inputs for Easy 
Memory Expansion 

Polycrystalline Silicon Fuse for 
Higher Reliability 

Standard Packaging ~ 24 Pin Hermetic 
Dual In-Line Lead Configuration 



The M3604A and M3624A are military temperature range PROMs organized as 512 words by 8 bits. They are manufac- 
tured with all outputs high and logic output low levels can be electrically programmed in selected bit locations. The 
M3604A and M3624A, except for programming, have the same electrical specifications and are direct replacements to 
their predecessors, the M3604 and M3624. 



PIN CONFIGURATION 



LOGIC SYMBOL 





ABSOLUTE MAXIMUM RATINGS'^ 

Temperature Under Bias -65°C to +135 C 

Storage Temperature -65°C to +160°C 

Output or Supply Voltages -0.5V to 7 Volts 

All Input Voltages -1.6V to 5.6V 

Output Currents 100mA 

'COMMENT 

Stresses above those listed under "Absolute Maximum 
Rating" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device 
at these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 




D.C. CHARACTERISTICS Vcc = +5 ov ±io%, t^ = 


-55°C to+125°C 








Symbol 


Parameter 


Limits 


Test Conditions 




Min. 


Typ.[l] 


Max. 


Unit 




Ifa 


Address Input Load Current 




-0.05 


-0.25 


mA 


Vcc= Max, Va = 0.45V 




Ifs 


Chip Select Input Load Current 




-0.05 


-0.25 


mA 


Vcc= Max, Vs=0.45V 




Ira 


Address Input Leakage Current 






40 


ma 


Vcc= Max, Va= Max 




Irs 


Chip Select Input Leakage 
Current 






40 


ma 


Vqq= Max, Vs= Max 




VcA 


Address Input Clamp Voltage 




-0.9 


-1.5 


V 


Vcc= Min, lA=-10mA 




Vcs 


Chip Select Input Clamp 
Voltage 




-0.9 


-1.5 


V 


Vcc= Min, ls= -10mA 




Vol 


Output Low Voltage 




0.3 


0.45 


V 


Vcc= Min, loL= 10mA 




ICEX 


Output Leakage Current 






100 


ma 


Vcc= Max, VcE= Max 




'cci 


Power Supply Current (M3604A) 






190 


mA 


Vcci= Max, Vao->Va8=OV, 
CSi=CS2=0V,CS3=CS4= 5.5V 




V|L 


Input "Low" Voltage 






0.8 


V 


Vcc=5.0V,Ta=25°C 




V|H 


Input "High" Voltage 


2.0 






V 


Vcc=5.0V,Ta=25°C 




IVI3624AONI 


-Y 










Symbol 


Parameter 


Min. 


Typ.H] 


Max. 


Unit 


Test Conditions 




Hoi 


Output Leakage for High 
Impedance Stage 






100 


MA 


Vo= Max or 0.45V, 
Vcc= Max, CSi = CS2=2.4V 




|3C[2] 


Output Short Circuit Current 


-20 


-25 


-80 


mA 


Vo=OV 




VOH 


Output High Voltage 


2.4 






V 


l0H=-2.4mA,Vcc = 5V 




NOTES: 1. T 

2. U 


ypical values are at 25° C and at nominal voltage, 
nmeasured outputs are open during this test. 
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M3604A, M3624A 



A.C. CHARACTERISTICS Vp^ = +5.0V ±10%, t. = -55°c to +i25°c 



SYMBOL 


PARAMETER 


LIMITS 
TYPJ''^ MAX. 


UNIT 


CONDITIONS 


tA++, tA— 
tA+_, tA-.+ 


Address to Output Delay 


60 


90 


ns 


CSi =CS2 = V|L and 
CS3=CS4 = V|H to 
Select the PROM 


ts+-f 


Chip Select to Output Delay 


20 


45 


ns 


ts-~ 


Chip Select to Output Delay 


20 


45 


ns 



[2]^ 



CAPACITANCE ^^' Ta - 25°c, f = 1 mhz 



SYMBOL 


PARAMETER 


LIMITS 


UNIT 


TEST CONDITIONS 


TYP. 


MAX. 


^INA 


Address Input Capacitance 


4 


10 


pF 


Vcc^SV V,^=2.5V 


C|NS 


Chip-Select Input Capacitance 


6 


10 


pF 


Vcc = 5V V,N = 2.5V 


COUT 


Output Capacitance 


7 


15 


pF 


Vcc = 5V VouT=2.5V 



NOTES: 1. Typical values are at 25°C and nominal voltage. 

2. This parameter is only periodically sampled and is not 100% tested. 

SWITCHING CHARACTERISTICS 



Conditions of Test: 

Input pulse amplitudes - 2.5\/ 
Input pulse rise and fall times of 

5 nanoseconds between 1 volt and 2 volts 
Speed measurements are made at 1 .5 volt levels 
Output loading is 10 mA and 30 pF 
Frequency of test - 2.5 MHz 



10 mATEST LOAD 



I 



30pF 



vcc 



: 1 ooon 



WAVEFORMS 

ADDRESS TO OUTPUT DELAY 



ADDRESS 

• MOI IT 



OUTPUT 



£ 



J 






tA.- — 



1.5vV 






CHIP SELECT TO OUTPUT DELAY 



?^ i.svV 



/ 



OUTPUT 
tc. 



^ 






ts..- 
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Intel 



M3625A 
4K(1Kx4)PROM 



Three-State Outputs 

Polycrystalline Silicon Fuse for hiigher 
Reliability 

Hermetic 18-Pin DIP 



■ ± 10% Power Supply Tolerance 

■ Fast Access Time: 60 ns Maximum 

■ Lower Power Dissipation: 0.1 4 mW/ Bit 
Typically 

■ Simple Memory Expansion Two Chip 
Select Inputs 

The Intel® M3625A is a high density, 4096-bit bipolar PROM organized as 1024 words by 4 bits. The 1024 by 4 organiza- 
tion gives ideal word or bU modularity for memory array expansion. The M3625A is fully specified over the -SS^C to 
125 °C temperature range with ±10% power supply variation. 

The M3625A is packaged in an 18-pin dual-in-line hermetic package with 300 milli-inch centers. Thus, twice the bit 
density can be achieved in the same memory board areas as 512 by 8-bit PROMs in 24-pin packages. 

The highly reliable polycrystalline silicon fuse technology is used in the manufacturing of the M3625A. All outputs are 
initially a logical high and logic low levels can be electrically programmed in selected bit locations. 



PIN CONFIGURATION 








BLOCK DIAGRAM 




AsC 

A4C 


1 ^^18 

2 17 

3 16 


3 A3 


A9— 
A3— 










A3C 

AoC 
AiC 


4 15 

5 14 

6 13 


3 a, 

no. 


Ay — 
Ae — 


Q 

8 

Q 
IS 


— 


64X64 ARRAY 




csiC 
gndC 


7 12 

8 11 

9 10 


DCS2 


A5 

A4 


















LOC 


MCSYM 


BOL 


A3 — 

A2 

A,— 
Ao — 


Q 


— 





oc 

X 

1 






•^■- 










—0 

—0 


CS1 
CS2 

Ao 

A, 0, 

:i °^ 
a: °3 

As 0, 

Ag 

A7 

As 

A9 


- 


3 

s 














OUTPUT 
BUFFER 










— 


C55 




— ■ 






— 




O4 O3 O2 0, 




PIN NAMES 




Ao-Ag ADDRESS INPUTS 
OS CHIP SELECT INPUT 




O1-O4 OUTPUTS 































14-34 



M3625A 



PROGRAMMING 

The programming specifications are described in tlie Data Catalog PROM/ROM Programming Instructiom. 



Absolute Maximum Ratings* 

Temperature Under Bias -65°Cto +135°C 

Storage Temperature -65°Cto + 160°C 

Output or Supply Voltages -0.5Vto 7V 

All Input Voltages - 1 Vto 5.5V 

Output Currents 100mA 



*COMMENT , . , 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at 
these or at any other condition above those indicated in the 
operational sections of this specification is not implied. 



D.C. Characteristics: ah limits apply tor Vcc= 

specified. 



+5.0V±10%, Ta= -55 °C to +125 X, unless otherwise 





Parameter 


Limits 




Symbol 


IVIin. 


Typ.M' 


iVIax. 


Unit 


Test Conditions 


Ifa 


Address Input Load Current 




-0.05 


-0.25 


mA 


Vcc = 5.5 V, Va = 0.45 V 


Ifs 


Chip Select Input Load Current 




-0.05 


-0.25 


mA 


Vcc = 5.5V, Vs = 0.45V 


Ira 


Address Input Leakage Current 






40 


mA 


Vqc = 5.5 V, Va = 5.5 V 


Irs 


Chip Select input Leakage 
Current 






40 


mA 


Vcc = 5.5 V, Vs = 5.5 V 


Hoi 


Output Leakage for High 
Impedance Stage 






40 


mA 


Vo = 5.5V or 0.45V, 

Vcc = 5.5V, CSi = CS2 = 2.4V 


Isc'^^ 


Output Short Circuit Current 


-20 


-35 


-80 


mA 


Vo = OV 


VCA 


Address Input Clamp Voltage 




-0.9 


-1.5 


V 


Vcc = 4.5V, Ia= -10mA 


Vcs 


Chip Select Input Clamp 
Voltage 




-0.9 


-1.5 


V 


Vcc = 4.5V, ls=-10mA 


VoH 


Output High Voltage 


2.4 






V 


loH= -2.4mA, Vcc = 4.5V 


Vol 


Output Low Voltage 




0.3 


0.45 


V 


Vcc = 4.5V, loL = 10mA 


Ice 


Power Supply Current 




110 


140 


mA 


Vcc = 5.5V,Vao-Va9 = OV, 
CSi=CS2 = V,H 


V,L 


Input "Low" Voltage 






0.85 


V 


Ta = 25X 


V,H 


Input "High" Voltage 


2.0 






V 


Ta = 25X 



NOTES: 

1. Typical values are for Ta = 25"C and nominal supply voltages. 

2. Unmeasured outputs are open during this test. 
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M3625A 



.A , 4..v^. 



A.C- Characteristics: Vcc= +5.ov±io%,Ta= -ss^'cto +125 ^'c. 



Symbol 


Parameter 


Max. 
Limits 


Unit 


Conditions 


tA++,tA-- 
tA+-.tA- + 


Address to Output Delay 


60 


ns 


CSi = CS2 = V|L 
to select the 
PROM. 


tSH-4- 


Chip Select to Output Delay 


35 


ns 


ts-- 


Chip Select to Output Delay 


35 


ns 





5 i'« 






'"' if\iuii'' u>v 



' .^w 



Capacitance' TA=25x,f=iMHz. 





Parameter 


Limits 


Unit 




Symbol 


Typ. 


IVIax. 


Test Conditions 


C|NA 


Address Input Capacitance 


3 


8 


PF 


Vcc = 5V V,N=2.5V 


C|NS 


Chip Select Input Capacitance 


4 


8 


pF 


Vcc = 5V V,N = 2.5V 


Cqut 


Output Capacitance 


5 


10 


pF 


Vcc = 5V VouT = 2.5V 



NOTES: 

1. This parameter is only periodically sampled and is not 100% tested. 



Switching Characteristics 



Conditions of Test: 

Input pulse amplitudes — 2.5V 
Input pulse rise and fall times of 

5 nanoseconds between 1 V and 2V 
Speed measurements are made at 1.5V levels 
Output loading — 10mA and 30 pF 
Frequency of test -- 2.5 MHz 



10 mA TEST LOAD 


vcc 

o 




; : 470Q 


:|:30pF 


> IkQ 



Waveforms 

ADDRESS TO OUTPUT DELAY 



ADDRESS 
INPUT 



/ 



OUTPUT 



OUTPUT 



\-1.5V 



CHiP SELECT TO OUTPUT DELAY 




jF 



^s++'~*' 



■ 
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intel 



M3636 
16K (2K X 8) BIPOLAR PROM 



-55*^0 to +125^C Operation 

Fast Access Time: 80 ns IVIaximum 

Low Power Dissipation: 0.05 mW/Bit 
Typically 

Three Chips Select Input for Easy 
Memory Expansion 



■ Pin Compatible to 8K PROMs 

■ Three-State Outputs 

■ Hermetic 24-Pin DIP 

■ Polycrystalline Silicon Fuses for 
l-ligher Fuse Reliability 



The Intel® M3636 is a fully decoded 16,384 bit PROM organized as 2048 words by 8 bits. The worst case access time of 
80 ns is specified over the -55*'Cto + 125*'C temperature range and 5% Vcc power supply tolerances. There are three 
chip selects provided to facilitate expansion into larger PROM arrays. The PROMs use the Schottky clamped TTL tech- 
nology with polycrystalline silicon fuses. All outputs are initially high and logic low levels can be electrically pro- 
grammed in selected bit locations. 

Prior to the 16,384 bit M3636, the highest density bipolar PROM available was 8196 bits. The high density of the M3636 
now easily doubles the capacity without an increase in area on existing designs currently using 1024 by 8-blt PROMs. 
There is also little, if any, penalty in power since the power/bit is approximately one-half that of 8K PROMs. The M3636 
is packaged in a hermetic 24-pin dual in-line package. 



PIN CONFIGURATION 



A,C 


1 


AeC 


2 


AsC 


3 


A4I: 


4 


A3E 


5 


A,c: 


6 


A^C 


7 


(LSBIAqC 


8 


(LSB) O^L 


9 


O2C 


10 


OsC 


11 


gndC 


12 



IlAg 

DA9 

3 Aio(MSB) 

D CSi 

H CS2 

n CS3 

D Og (MSB) 
1104 



BLOCK DIAGRAM 

DATA OUT 1 DATA OUT 8 

t 1 



LOGIC SYMBOL 



csi - 

CS2 - 
CS3 



OUTPUT 
BUFFERS 



16,384 
PROM MATRIX 



ncrnnPR 



INPUT DRIVERS 

TT— T 

Aq A^ Aio 




PIN NAMES 



Ao- Aio 


ADDRESS INPUTS 


CS^,CS2, CS3 


CHIP SELECT INPUTSlll 


0, -Og 


DATA OUTPUTS 



[1] To select the PROM CS^ = V,l 
andCS2 = CS3 = V|H 
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M3636 

PROGRAMMING 

The programming specifications are described in ttie PROMIROM Programming section of tlie Data Catalog&e. 



ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias - 65*C to + 125**C 

Storage Temperature -65*'C to + IBO'C 

Output or Supply Voltages - 0.5V to 7 Volts 

All Input Voltages - 1 V to 5.5V 

Output Currents 100 m A 



*Comment: Stresses above those listed under "Absolute Maximum 
Rating" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or at any other 
condition above those indicated in the operational sections of this 
specification is not implied. 



D.C. CHARACTERISTICS 

All Limits Apply for Vcc= +5.0V±5%,Ta = 



-55*0 to 125 **C unless otherwise specified 





Parameter 


Limits 




Symbol 


Min. 


Typ.^^J 


IVIax. 


Unit 


Test Conditions 


Ifa 


Address Input Load Ourrent 




-0.05 


-0.25 


mA 


Vcc = 5.25V, Va = 0.45V 


Ifs 


Chip Select Input Load Current 




-0.05 


- 0.25 


mA 


Vcc = 5.25V, Vs = 0.45V 


Ira 


Address Input Leakage Current 






40 


mA 


Vcc = 5.25V, Va = 5.25V 


Irs 


Chip Select Input Leakage 
Current 






40 


mA 


Vcc = 5.25V, Vs = 5.25V 


Ho! 


Output Leakage for High 
Impedance State 






100 


mA 


Vo = 5.25V or 0.45V, 
Vcc = 5.25V, CSi = 2.4V 


Isc^^^ 


Output Short Circuit Current 


-20 


-35 


-80 


mA 


Vo = OV 


VCA 


Address Input Clamp Voltage 




-0.9 


-1.5 


V 


Vcc = 4.75V, Ia= -10 mA 


Vcs 


Chip Select Input Ciamp 
Voltage 




-0.9 


-1.5 


V 


Vcc = 4.75V, is = -10 mA 


VOH 


Output High Voltage 


2.4 


3.0 




V 


Iqh =- 2.4 mA, Vcc = 4.75V 


Vol 


Output Low Voltage 




0.3 


0.45 


V 


Vcc = 4.75V, loL=10mA 


Iqc 


Power Supply Current 




150 


185 


mA 


Vcc = 5.25V 


V|L 


Input "Low" Voltage 






0.85 


V 


Vcc = 5.0V±5%,Ta = 25°C 


V,H 


Input "High" Voltage 


2.0 






V 


Vcc = 5.0V±5%,Ta = 25X 



Notes: 

1. Typical values are for Ta = 25°C and nominal supply voltages. 

2. Unmeasured outputs are open during this test. 



i 
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IVi;3D^D 



A.C. CHARACTERISTICS Vcc=±5 ±5%, Ta= -55X to 125X 



SYMBOL 


PARAMETER 


MAX. LIMITS 


UNIT 


CONDITIONS V ^ 


Ta 


Address to Output Delay 


80 


ns 


CSi = V,L 


tEN 


Output Enable Time 


50 


ns 


and CS2 = CS3 = V|H \ 


tois 


Output Disable Time 


50 


ns 


to select the PROM. 



CAPACITANCE Ta - 25°c, f - i mhz 



SYMBOL 


PARAMETER 


TYP. LIMITS 


UNIT 


TEST CONDITIONS 


TYP. 


MAX. 


^INA 


Address Input Capacitance 


4 


10 


pF 


Vcc = 5V V,N=2.5V 


C|NS 


Chip-Select Input Capacitance 


6 


10 


PF 


Vcc = 5V V,N = 2.5V 


Cqut 


Output Capacitance 


7 


12 


pF 


Vcc = 5V VouT=2.5V 



NOTE 1 ; This parameter is only periodically sampled and is not 100% tested. 



SWITCHING CHARACTERISTICS 



Conditions of Test: 

Input pulse amplitudes - 2.5V 
Input pulse rise and fall times of 

5 nanoseconds between 1 volt and 2 volts 
Speed measurements are made at 1 .5 volt levels 
Output loading is 10 mA and 30 pF 
Frequency of test -2.5 MHz 



10 mA TEST LOAD 



I 



30pF 




WAVEFORMS 



ADDRESS TO OUTPUT DELAY 



ADDRESS 
INPUT 



^ 



/ 



)£ 



CHIP SELECT TO OUTPUT DELAY 



cs, - 
cs, cs,,. 
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M5101-4, M5101L-4 
256 X 4 BIT STATIC CMOS RAM 



Military Temperature Range: 
-55°CtoH-125°C 

Ultra Low Standby Current: 200nA/Bit 

Fast Access Time — 800ns 



Single +5V Power Supply 

CE2 Controls Unconditional 
Standby Mode 

Three-State Output 



The Intel® M5101 is an ultra-low power 256 X 4 CMOS RAM specified over the -55°C to +125°C temperature range. The RAM 
uses fully DC stable (static) circuitry and therefore requires no clocks or refreshing to operate. When deselected with CE2 low, the 
M5101 draws from the single 5-volt supply only 200 microamps at 125°C. 

The Intel® M5101 is fabricated with an ion-implanted, silicon gate. Complementary MOS (CMOS) process. This technology allows 
the design and production of ultra-low power, high performance memories. 



PIN CONFIGURATION 

5101 



A3IZ 1 

A.CZ 2 

A,c: 3 

A, [Z 5 

AeCZ 6 

A, CZ 7 

GND Q! 8 

D,,IZ « 

DO, d 10 

D,,[Z ,1 



LOGIC SYMBOL 
5101 



22 I]Vec 
21 Z]A. 
ZlR/W 
Z3CE1 
8 ^ OD 
Z]CE2 
Z]DO, 
5 Z] D'4 
4 Z]D03 

2 ^ DOj 



=1/W CE2 CEl 



01, OI4 DATA INPUT 


OD OUTPUT DISABLE 


A„-A, ADDRESS INPUTS 


DO,- DO4 DATA OUTPUT 


R/W READ/WRITE INPUT 




Ctl CE2 CHIP ENABLE 





ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias . . . -65°C to 135 C 

Storage Temperature -65°C to +150°C 

Voltage On Any Pin 

With Respect to Ground .... -0.3V to Vqc +0.3V 

Maximum Power Supply Voltage +7.0V 

Power Dissipation 1 Watt 

*COMMENT. 

Stresses above those listed under "Absolute Maximum 
Rating" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device 
at these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 



D.C. AND OPERATING CHARACTERISTICS FOR M5101-4, IVI5101L-4 

Ta = -55°C to 125°C, Vcc = 5V ±5% unless otherwise specified. 



■ 



Symbol 


■■- ■■ 

Parameter 


Min. 


Typ.Ml 


Max. 


Unit 


Test Conditions 


Ili'21 


Input Current 




8 




nA 


V|N=0 to 5.25V 


Iloh12) 


Output High Leakage 






2 


UlA 


CEl = 2.2V, VouT = Vcc 


lL0Lf2) 


Output Low Leakage 






2 


/iA 


CE1=2.2V,VouT=0.0V 


'cci 


Operating Current 




11 


25 


mA 


V|N=Vcc Except CEl <0.01V 
Outputs Open 


'CC2 


Operating Current 




20 


32 


mA 


V|N=2.2V Except CEl <0.5V 
Outputs Open 


Iccl[21 


Standby Current 




2 


200 


ma 


V|N=Oto Vcc, Except 
CE2<0.2V 


V|L 


Input "Low" Voltage 


-0.3 




0.5 


V 




V|H 


Input "High" Voltage 


Vcc -2-0 




Vcc 


V 




Vol 


Output "Low" Voltage 






0.4 


V 


Iql = 2.0mA 


VOH 


Output "High" Voltage 


Vcc-2.0 






V 


Iqh = lOnriA 



NOTES: 1. Typical values are T/\ = 25°C and nominal supply voltage. 



2. Current through all inputs and outputs included in IcCL- 
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M5101-4, M5101L-4 



Low Vcc Data Retention Characteristics (For IVI5101L-4) Ta = -55°C to 125°C 



Symbol 


Parameter 


Min. 


Typ.tll 


Max. 


Unit 


Test Conditions 


Vdr 


Vcc fof Data Retention 


2.0 






V 


CE2<0.2V 




'CCDR 


Data Retention Current 




2 


200 


MA 


Vdr=2.0V. 


tCDR 


Chip Deselect to Data Retention 
Time 









ns 




tR 


Operation Recovery Time 


tRct^^ 






ns 







NOTES: 1 . Typical values are T/^ = 25° C and nominal supply voltage. 
2. tRc ~ Read Cycle Time. 



A.C. CHARACTERISTICS FOR M5101-4, M5101L-4 

READ CYCLE Ta = -55°C to 125°C, Vcc = 5V ±5%, unless otherwise specified. 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


tRC 


Read Cycle 


800 






ns 


(See below) 


tA 


Access Time 






800 


ns 


tcoi J 


Chip Enable (CE1) to Output 






700 


ns 


tC02 


Chip Enable (CE2) to Output 






850 


ns 


tOD 


Output Disable To Output 






350 


ns 


tDF 


Data Output to High Z State 







150 


ns 


tOHl 


Previous Read Data Valid with 
Respect to Address Change 









ns 


tOH2 


Previous Read Data Valid with 
Respect to Chip Enable 









ns 



WRITE CYCLE 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


twc 


Write Cycle 


800 






ns 


(See below) 


^AW 


Write Delay 


150 






ns 


tcwi 


Chip Enable (CE1) To Write 


550 






ns 


tcW2 


Chip Enable (CE2) To Write 


550 






ns 


tow 


Data Setup 


400 






ns 


^DH 


Data Hold 


100 






ns 


twp 
tWR 


Write Pulse 


400 






ns 


Write Recovery 


DU 






fib 


tDS 


Output Disable Setup 


150 






ns 



A. C. CONDITIONS OF TEST 

Input Pulse Levels: 0.5 Volt to Vcc-2.0 Volt 

Input Pulse Rise and Fall Times: 20nsec 

Timing Measurement Reference Level: 1.5 Volt 
Output Load: 1 TTL Gate and Cl - lOOpF 



NOTE: 3. This parameter is periodically sampled and is not 100% tested. 
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[3] 

CAPACITANCE Ta = 25°c, t = i mhz 



Symbol 


Test 


Limits (pF) 


Typ. 


Max. 


C|N 


Input Capacitance 

(All Input Pins) V,n = OV 


4 


8 


COUT 


Output Capacitance Vqut " OV 


8 


12 



■ 



M5101-4, M5101L-4 



''''"' • 'If I'vi" 



WAVEFORMS 



'^-■■^.^^^:l^. 



'^'^^¥ir 



%^, 

'^M 

v„^ 



WRITE CYCLE 



READ CYCLE 

ADDRESS 



Z)( 



'/ 



(COMMON I/O) ' 



DATA 
OUT 



"^. 



^^ 



DC 



)C 



/ 



t '^1 1^ 



DATA OUT 
VALID 





' 


t^^c — 







ADDRESS >/ 




X 






. 










V 






r 




CTl 


\ 
















"^' 




\ 






■ 










CD 
(COMMON 1/0)'^' y 


'aw |-* 








'dh 


c: 




DATA 
IN 


\/ DATA IN 
A STABLE 


) 












-^ 





'UW 




^ — t„R — ^ 




RW 












r 







NOTES: 1. OD may be tied low for separate I/O operation. 

2. During the write cycle, OD is "high" for common I/O and 
"don't care" for separate I/O operation. 



Low Vqq Data Retention 



SUPPLYVOLTAGE (Vcc) 



CHIP ENABLE {CE2) 



OV- 




© 4.75V 

d) Vdr 

^ (D V,H 

^ © 0.2V 



I 
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M8080A 
8-BIT N-CHANNEL MIRCOPROCESSOR 

The M8080A is functionally compatible with the Intel® 8080. 



m 16-Bit Stack Pointer and Stack 
IVIanipulation Instructions for Rapid 1 
Switching of the Program Environment 

■ Decimal, Binary, and Double Precision 
Arithmetic 

■ Ability to Provide Priority Vectored 
Interrupts 

■ 512 Directly Addressed I/O Ports 

■ TTL Drive Capability 

The Intel® M8080A is a complete 8-bit parallel central processing unit (CPU). It is fabricated on a single LSI chip using 
Intel's n-channel silicon gate MOS process. This offers the user a high performance solution to control arid processing 
applications. 

The M8080A contains 6 8-bit general purpose working registers and an accumulator. The 6 general purpose registers 
may be addressed individually or in pairs providing both single and double precision operators. Arithmetic and logical 
instructions set or reset 4 testable flags. A fifth flag provides decimal arithmetic operation. 

The M8080A has an external stack feature wherein any portion of memory may be used as a last in/first out stack to 
store /retrieve the contents of the accumulator, flags, program counter and all of the 6 general purpose registers. The 
16-bit stack pointer controls the addressing of this external stack. This stack gives the M8080A the ability to easily 
handle multiple level priority interrupts by rapidly storing and restoring processor status. It also provides almost 
unlimited subroutine nesting. 

This microprocessor has been designed to simplify systems design. Separate 16-line address and 8-line bidirectional 
data busses are used to facilitate easy interface to memory and I/O. Signals to control the interface to memory and I/O 
are provided directly by the M8080A. Ultimate control of the address and data busses resides with the hold signal. It 
provides the ability to suspend processor operation and force the address and data busses into a high impedance 
state. This permits OR-tying these busses with other controlling device for (DMA) direct memory access or multi- 
processor operation. 



Fully Military Temperaturie Range 
-55*^Cto +125^C 

± 10% Power Supply Tolerance 

2 fjiS Instruction Cycle 

Powerful Problem Solving Instruction 
Set 

6 General Purpose Registers and an 
Accumulator 

16-Bit Program Counter for Directly 
Addressing up to 64K Bytes of 
Memory 



BLOCK DIAGRAM 



l-DIRECTIONAL 
DATA BUS 



iL 



DATA BUS 
BUFFER/LATCH 



INTERNAL DATA BUS 




IL 



JJ. 



is ARITHMETIC 
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>v UNIT 
^ (ALU; 



n 



INSTRUCTION 
REGISTER (8) 
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ADJUST 



INSTRUCTION 
DECODER 

AND 
MACHINE 

CYCLE 
ENCODING 



POWER 

supplies' 



Iz. 



TIMING 

AND 

CONTROL 



DATA BUS INTERRUPT HOLD WAIT 

WRITE CONTROL CONTROL CONTROL CONTROL SYNC CLOCKS 



(8 BIT) 
INTERNAL DATA BUS 



MULTIPLEXER 



TEMP REG. 
B I 

REG. 



STACK POINTER 



PROGRAM COUNTER 



INCREMENTER/DECREMENTER 
ADDRESS LATCH (i€ 
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M8080A 



INSTRUCTION SET 

The accumulator group instructions include arithmetic and 
logical operators with direct, indirect, and immediate ad- 
dressing modes. 

Move, load, and store instruction groups provide the ability 
to move either 8 or 16 bits of data between memory, the 
six working registers and the accumulator using direct, in- 
direct, and immediate addressing modes. 

The ability to branch to different portions of the program 
is provided with jump, jump conditional, and computed 
jumps. Also the ability to call to and return from sub- 
routines is provided both conditionally and unconditionally. 
The RESTART (or single byte call instruction) is useful for 
interrupt vector operation. 

Double precision operators such as stack manipulation and 
double add instructions extend both the arithmetic and 
interrupt handling capability of the M8080A. The ability to 



increment and decrement memory, the six general registers 
and the accumulator is provided as well as extended mcre- 
ment and decrement instructions to operate on the register 
pairs and stack pointer. Further capability is provided by 
the ability to rotate the accumulator left or right through 
or around the carry bit. 

Input and output may be accomplished using memory ad- 
dresses as I/O ports or the directly addressed I/O provided 
for in the M8080A instruction set. 

The following special instruction group completes the 
M8080A instruction set: the NOP instruction, HALT to stop 
processor execution and the DAA instructions provide deci- 
mal arithmetic capability. STC allows the carry flag to be di- 
rectly set, and the CMC instruction allows it to be comple- 
mented. CMA complements the contents of the accumulator 
and XCHG exchanges the contents of two 16-bit register 
pairs directly. 



Data and Instruction Formats 

Data in the M8080A is stored in the form of 8-bit binary integers. All data transfers to the system data bus will be in the 

same format. 



Dy Dq D5 D4 D3 D2 Di Do 



DATA WORD 

The program instructions may be one, two, or three bytes in length. Multiple byte instructions must be stored 
in successive words in program memory. The instruction formats then depend on the particular operation 
executed. 



One Byte Instructions 



D7 De D5 D4 D3 D2 Di Do 



Two Byte Instructions 




D7 De D5 D4 D3 D2 Di 


Do 


D7 Dq D5 D4 D3 D2 Di 


Do 



OPCODE 



OPCODE 
OPERAND 



TYPICAL INSTRUCTIONS 

Register to register, memory refer- 
ence, arithmetic or logical, rotate, 
return, push, pop, enable or disable 
Interrupt instructions 



Immediate mode or I/O instructions 



Three Byte Instructions 






D7 


De 


D5 


D4 


D3 


D2 


Di 


Do 


D7 


De 


D5 


D4 


D3 


D2 


Di 


Do 


D7 


De 


D5 


D4 


D3 


D2 


Di 


Do 



OPCODE 

LOW ADDRESSOR OPERANDI 

HIGH ADDRESSOR OPERAND 2 



Jump, call or direct load and store 
instructions 



For the M8080A a logic "1 " is defined as a high level and a logic "0" is defined as a low level. 
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ABSOLUTE MAXIMUM RATINGS'^ 

Temperature Under Bias -55°C to +125°C 

Storage Temperature -65°C to +150°C 

All Input or Output Voltages 

With Respect to Vbb -0.3V to +20V 

Vcc Vdd and Vss With Respect to Vbb -0.3V to +20V 
Power Dissipation 1.7W 



*COMMENT: Stresses above those listed under Absolute Maxi- 
mum Ratings" may cause permanent damage to th$ dmice. 
This is a stress rating only and functional operation of the (^0- 
vice at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



D.C. CHARACTERISTICS 

Ta = -55°C to +125°C, Vdd = +12V ±10%, Vcc = +5V ±10%, Vbb =-5V ±10%, Vss = OV, Unless Otherwise Noted. 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Condition 


V|LC 


Clock Input Low Voltage 


Vss-1 




Vss+0.8 


V 




V|HC 


Clock Input High Voltage 


8.5 




Vdd + 1 


V 




VlL 


Input Low Voltage 


Vss-1 




Vss+0.8 


V 




V|H 


Input High Voltage 


3.0 




Vcc + 1 


V 




Vol 


Output Low Voltage 






0.45 


V 


Iql ^ 1.9mA on all outputs. 


VoH 


Output High Voltage 


3.7 






V 


loH=150/iA. 


'dd(av) 


Avg. Power Supply Current (Vdd) 




50 


80 


mA 


Operation 
TcY = -48 /isec 


'CC(AV) 


Avg. Power Supply Current (Vcc) 




60 


100 


mA 


'bb(av) 


Avg. Power Supply Current (Vbb) 




.01 


1 


mA 


l|L 


Input Leakage 






±10 


mA 


Vss < V,N < Vcc 


ICL 


Clock Leakage 






±10 


HA 


Vss ^ VcLOCK ^ Vdd 


IdI_[21 


Data Bus Leakage in Input Mode 






-100 
-2.0 


jLtA 

mA 


Vss <V|N<Vss + 0.8 V 
Vss+0.8V<V,N<Vcc 


Ifl 


Address and Data Bus Leakage 
During HOLD 






+ 10 
-100 


^lA 


Vaddr/data = Vcc 
Vaddr/data= Vss + 0.45V 



CAPACITANCE 

T^ = 25°C Vcc = Vdd 



Vss = 0V,Vbb=-5V 



Symbol 


Parameter 


Typ. 


Max. 


Unit 


Test Condition 


C0 


Clock Capacitance 


17 


25 


Pf 


fc = 1 MHz 


C|N 


Input Capacitance 


6 


10 


Pf 


Unmeasured Pins 


COUT 


Output Capacitance 


10 


20 


pf 


Returned to Vss 



l.b 

- 1.0 

o 

> 

i 0.5 
5 


---.^^^ 






"^---^ 







NOTES: 

1 . The RESET signal must be active for a minimum of 3 clock cycles. 

2. When DBIN is high and V|[\j > V|n an internal active pull up will 
be switched onto the Data Bus. 

3. Al supply /ATa = -0.45%/° C. 



AMBIENT TEMPERATURE TO 



Figure 1. Typical Supply Current vs. 
Temperature, Normalized[31 



Idl 
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Figure 2. Data Bus Characteristic During 
DBIN 



1 



M8080A 



A.C. CHARACTERISTICS 

Ta = -55°C to +125°C, Vdd = +12V ±10%, Vcc = +5V ±10%, Vbb = -5V : 



:10%, Vss = OV, Unless Otherwise (^#t^; 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditi^^l^ , ^ 




tcYt3] 


Clock Period 


0.48 


2.0 


jusec 


■''".*,_ J ^'^ 




tr^tf 


Clock Rise and Fall Time 





50 


nsec 




^01 


01 Pulse Width 


60 




nsec 




t02 


02 Pulse Width 


220 




nsec 




tDI 


Delay 0i to 02 







nsec 




tD2 


Delay 02 to 0-| 


80 




nsec 




tD3 


Delay 0i to 02 Leading Edges 


80 




nsec 




tDAf2] 


Address Output Delay From 02 




200 


nsec 




- Cl = 50pf 




tDDf2] 


Data Output Delay From 02 




220 


nsec 




tDcf^l 


Signal Output Delay From 0^ , or 02 (SYNC, WR,WAIT, HLDA) 




140 


nsec 




tDFt2] 


DBIN Delay From 02 


25 


150 


nsec 




tD,n] 


Delay for Input Bus to Enter Input Mode 




tDF 


nsec 






tDSI 


Data Setup Time During 01 and DBIN 


30 




nsec 









WAVEFORMS'^"' 



{Note: Timing measurements are made at the following reference voltages: CLOCK "1" = 7.0V, 
"0" = 1.0V; INPUTS "1" = 3.0V, "0" = 0.8V; OUTPUTS "1" = 2.0V, "0" = 0.8V.) 



;t 



/v 






71 



1 V 



^^ ""It 



.^^^l 




r 



-^_ 



m 



"1 






J[\ 



;:c 



A. 



f 



< 



'DC 



■^. 



IjC® 



t 



Dtl 



X 
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A.C. CHARACTERISTICS (Continued) 

Ta = -55°C to +125°C, Vdd = +12V ±10%, Vcc = +5V ±10%, Vge = -5V : 



10%, Vss = OV, Unless Otherwise Noted 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Condition 


tDS2 


Data Setup Time to 02 During DBIN 


130 




nsec 




tDHtll 


Data Hold Time From 02 During DBIN 


[1] 




nsec 




t,E[2] 


INTE Output Delay From 02 




200 


nsec 


Cl = 50pf 


tRS 


READY Setup Time During 02 


120 




nsec 




tHS 


HOLD Setup Time to 02 


140 




nsec 




tis 


INT Setup Time During 02 


120 




nsec 




tH 


Hold Time From 02 (READY, INT, HOLD) 







nsec 




tFD 


Delay to Float During Hold (Address and Data Bus) 




130 


nsec 




tAwI2l 


Address Stable Prior to WR 


[5] 




nsec 






tDwt2l 


Output Data Stable Prior to WR 


[6] 




nsec 




tWDl2l 


Output Data Stable From WR 


[7] 




nsec 




tWAl2l 


Address Stable From WR 


[7] 




nsec 


_CL = 50pf 


tHFl2] 


HLDAto Float Delay 


[8] 




nsec 




twFt2] 


WR to Float Delay 


[9] 




nsec 




tAHt2l 


Address Hold Time After DBIN During HLDA 


-20 




nsec 





- J\ 



A. 



i^~\ 



f 



NOTES: 

1. Data input should be enabled with DBIN status. No bus conflict can then occur and data hold time is assured. 
tQH = 50 ns or toF< whichever is less. 

2. Load Circuit. 

+5V 



M 8080 A o 
OUTPUT I 



r 



J' 



X ^ (p 150/iA 
3- tcY = tD3 "•" ^r02 + ^02 + tf02 + ^02 + V01 ^ 480ns. 




TYPICAL A OUTPUT DELAY VS. A CAPACITANCE 

+20 r 







/ 








/ 






^^ 


^SPEC 




^^ 









^ 



\ CAPACITANCE (pf) 
'^ACTUAL " ^SPEC* 

4. The following are relevant when interfacing the M8080A to devices having \/|h = 3.3V: 

a) Maximum output rise time from .8V to 3.3V = 100ns @ Cl = SPEC. 

b) Output delay when measured to 3.0V = SPEC +60ns @ Cl = SPEC 

c) If Cl ^^ SPEC, add .6ns/pF if Cl> CspeC- subtract .3ns/pF (from modified delay) if Cl < CsPEC' 

5. tAW = 2 tCY -tD3-tr02-''4Onsec. 

6. tow = tcY -tD3 -tr02 -1 70nsec. 

7. If not HLDA, tv\/o = tWA = ^D3 ■*" V02 "'■''O^s If HLDA, t\/\/Q = twA = ^WF- 
8- tHF = tD3 + tr02 -50ns. 

9. twF = tD3 +tr02-1Ons 

10. Data in must be stable for this period during DBIN ^3. Both tpsi and tos2 "^"st be satisfied. 

1 1 . Ready signal must be stable for this period during T2 or T^/y. (Must be externally synchronized.) 

12. Hold signal must be stable for this period during T2 or Tyy when entering hold mode, and during T3, T4, T5 
and T\/\/H when in hold mode. (External synchronization is not required.) 

13. Interrupt signal must be stable during this period of the last clock cycle of any instruction in order to be 
recognized on the following instruction. (External synchronization is not required.) 

14. This timing diagram shows timing relationships only; it does not represent any specific machine cycle. 
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M8212 
8-BIT INPUT/OUTPUT PORT 



Fully Parallel 8-Bit Data Register and 
Buffer 

Service Request Flip-Fiop for Interrupt 
Generation 

Low Input Load Current 0.25mA Max 

3-State Outputs 

Full Military Temperature Range 
-55°Cto+125°C 



3.4V Output High Voltage for Direct 
Interface to M8080A CPU 

Asynchronous Register Clear 

Replaces Buffers, Latches, and Multi- 
plexers in Microcomputer Systems 

Reduces System Package Count 

±10% Power Supply Tolerance 

24-Pin Dual In-Line Package 



The Intel® M8212/M3212 input/output port consists of an 8-bit latch with 3-state output buffers along with control and 
device selection logic. Also included is a service request flip-flop for the generation and control of interrupts to the 
microprocessor. 

The device is multimode in nature. It can be used to implement latches, gated buffers or multiplexers. Thus, all of the 
principal peripheral and input/output functions of a microcomputer system can be implemented with this device. 

•Note: The specifications for the M3212 are identical with those for the M8212. 



PIN CONFIGURATION 



5i;d 


1 




24 


md[^ 


2 




23 


D,,e 


3 




22 


Do,r 


4 




21 


Di,r 


5 




20 


Do,r 


6 

7 


M8212 


19 
18 


DO3L 


8 




17 


DI4L 


9 




16 


DO4L 


10 




15 


stbL 


11 




14 


gndP 


12 




13 



INT 

D'8 
DOg 
Dl, 
DO7 

D'e 
DOg 

D05 

CLR 
DS, 



DEVICE SELECTION 

_\ 

[r> DSl-cJ— >y 
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{T> MO 

[TT> STB — , 



LOGIC DIAGRAM 

SERVICE REQUEST FF 



D^Q 



nj ^^o- INT[23> 



B>" 



l_r— >. (ACTIVE L 



PIN NAMES 



Dh Dl8 


DATA IN 


DOvDOb 


DATA OUT 


DS1-DS2 


DEVICE SELECT 


MD 


MODE 


STB 


STROBE 


INT 


INTERRUPT (ACTIVE LOW) 


CLR 


CLEAR (ACTIVE LOW) 



[3>DI,- 

[r>D.,- 

Q>Dl3- 

[1>UI4- 
(T6>Dl5- 
[18>DI6- 
i0>Dl7- 

[22>Dl8- 
^4>CLR- 



— ^=r> 

CTIVE LOW) I y 







I I 

I I I 
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M8212 



ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias -55°C to +125°C 

Storage Temperature -65°C to +160°C 

All Output or Supply Voltages -0.5 to +7 Volts 

All Input Voltages -1.0 to 5.5 Volts 

Output Currents 100 m A 



*COMMENT: Stresses above those ffsmd Mpder ''Absolute 
Maximum Ratings" may cause permanent ^am^e to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions ^i)op& 
those indicated in the operational sections of this spec if i- : 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS 

Ta = -55°C to +125°C Vcc = +5V ±10% 



Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Min. 


Typ. 


Max. 




If 


Input Load Current 

STB, DS2, CR, DI1-DI8 Inputs 






-.25 


mA 


Vp = .45V 


If 


Input Load Current 
MD Input 






-.75 


mA 


Vp = .45V 


If 


Input Load Current 
DSi Input 






-1.0 


mA 


Vp = .45V 


Ir 


Input Leakage Current 
STB, DS, CR, Dh-Dls Inputs 






10 


jitA 


V. = Vcc 


Ir 


Input Leakage Current 
MD Input 






30 


/xA 


Vr = Vcc 


Ir 


Input Leakage Current 
DS, Input 






40 


/xA 


Vr = Vcc 


Vc 


Input Forward Voltage Clamp 






-1.2 


V 


Ic = -5 mA 


V|L 


Input "Low" Voltage 






.80 


V 




V|H 


Input "High" Voltage 


2.0 






V 




Vol 


Output "Low" Voltage 






.45 


V 


loL = 10mA 


Vqh 


Output "High" Voltage 


3.5 


4.0 




V 


loH = -.5mA 


Iqs 


Short Circuit Output Current 


-15 




-75 


mA 


Vcc = 5.0V 


I'ol 


Output Leakage Current 
High Impedance State 






20 


/xA 


Vo = .45V to Vcc 


•cc 


Power Supply Current 




90 


145 


mA 
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M8212 



A.C. CHARACTERISTICS 

Ta = -55°C to +125°C Vcc = +5V ±10% 








Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Min. 


IVIax. 




tpw 


Pulse Width 


40 




ns 




tPD 


Data To Output Delay 




30 


ns 


NOTE 1 


tWE 


Write Enable To Output Delay 




50 


ns 


NOTE 1 


tSET 


Data Setup Time 


20 




ns 




tH 


Data Hold Time 


30 




ns 




tR 


Reset To Output Delay 




55 


ns 


NOTE 1 


ts 


Set To Output Delay 




35 


ns 


NOTE 1 


tE 


Output Enable/Disable Time 




50 


ns 


NOTE 1 Cl = 30 pF 


tc 


Clear To Output Delay 




55 


ns 


N0TE1 



CAPACITANCE F = 1 MHz, Vbias =2.5V, Vcc = +5V, Ta = 25X 



Symbol 


Test 


LIMITS 


Typ. Max. 


C|N 


DS, MD Input Capacitance 


9pF 15 pF 


C|N 


DS2,CLR,STB|, DlrDIa 
Input Capacitance 


5pF 10 pF 


COUT 


DOrDOs Output Capacitance 


8pF 15 pF 



SWITCHING CHARACTERISTICS 
Conditions of Test 

Input Pulse Amplitude = 2.5V 

Input Rise and Fall Times: 5 ns between 1V and 2V 



Test Load 



u.T.° — T ^' 



NOTE 1 : 



TEST 


Cl 


Ri 


R2 


tPD. twE. tR, ts, tc 


30pF 


300J2 


eoofi 


tE, ENABLE! 


30pF 


lOKn 


IKfi 


tE, ENABLED 


30pF 


3oon 


60on 


tE^DISABLEt 


5pF 


300n 


60on 


tE, disable; 


5pF 


lOKfi 


IKfi 
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TIMING DIAGRAM 



V 



x; 



STB or OS, • OS, 



DS^ • DSj * MD 



l- 



-^. 



■^ 



X 



^ 



.>!! 



1 



ZlA_ 



STBorDS, • DS, 



OS, • DSj 



■'SET ^h*- 



X 



^ ^ 



3^ 



• Vw ►^-^ — M *S 



X 
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TYPICAL CHARACTERISTICS 

INPUT CURRENT VS. INPUT VOLTAGE 



Vcc = 


^5.0V 


/ 


^ 


r 










(f 


'^ 






T 


,=oc- 


^ 


,/ 




5 C 
5 C 










































., 





OUTPUT CURRENT VS. OUTPUT "LOW" VOLTAGE 



1 

Vcc = -5.0V 












// 




tI-26c\^ 


/ 




/> 


f^- 


= 0'C 


^ 


^ 







INPUT VOLTAGE (V) 



OUTPUT 'LOW" VOLTAGE (V) 



OUTPUT CURRENT VS. 
OUTPUT "HIGH" VOLTAGE 



DATA TO OUTPUT DELAY 
VS. LOAD CAPACITANCE 



Vcc ^ ^5 


OV 






f 








J 


y 




T^ - 75 


Z 


'/ 










\t.-. 


5 C 




J> 


Y 






J 


V 








# 











10 20 30 40 50 

OUTPUT •HIGH" VOLTAGE (V) 



Vcc'^ 


+5 0V 
5 C 


























X 


l^- 


-^"'' 


^ 


-;J 


• "^ ^^ 


■"^ 


^ ' 



















50 100 150 200 250 300 

LOAD CAPACITANCE (pF) 



DATA TO OUTPUT DELAY 
VS. TEMPERATURE 



WRITE ENABLE TO OUTPUT DELAY 
VS. TEMPERATURE 



Vcc = ^5 


OV 
























/ 
y 






^-'' 


,. _ 


^^ 






1 























25 50 75 100 

TEMPERATURE ( C) 



1 35 

> 

< 

-J 

Q 30 

Q- 

O 2b 

O 


Vcc - ^5 


OV 
























^■^^ 




STB 




— "^"^ 


>^ 




1 - 


'"^ 




DS,' 






-«-. 















25 50 75 100 

TEMPERATURE ( C) 
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M8214 
PRIORITY INTERRUPT CONTROL UNIT 



8 Priority Levels 
Fully Expandable 
Current Status Register 
Priority Comparator 



■ 24-Pin Dual In-Line Package 

■ Full Military Temperature Range 
-SS^'Cto +125^C 

■ +10% Power Supply Tolerance 






The Intel® M8214 is an 8-level priority Interrupt control unit (PICU) designed to simplify interrupt-driven nnicrocom- 
puter systems. 

The PICU can accept 8 requesting levels; determine the highest priority, compare this priority to a software controlled 
current status register and issue and interrupt to the system along with vector information to identify the service 
routine. 

The M8214 is fully expandable by the. use of open collector interrupt output vector information. Control signals are 
also provided to simplify this function. 

The PICU is designed to support a wide variety of vectored interrupt structures and reduce package count in interrupt- 
driven microcomputer systems. 



PIN CONFIGURATION 




3 ETLG 



PIN NAMES 



INPUTS 




R^ 


REQUEST LEVELS (R7 HIGHEST PRIORITY) 


BoBj 


CURRENT STATUS 


SGS 


STATUS GROUP SELECT 


ECS 


ENABLE CURRENT STATUS 


INTE 


INTERRUPT ENABLE 


CLK 


CLOCK (INT F F) 


ELR 


ENABLE LEVEL READ 


ETLG 


ENABLE THIS LEVEL GROUP 


OUTPUTS 




VAj 


REQUEST LEVELS "1 OPEN 


iNf 


INTERRUPT (ACT LOW) j~ COLLECTOR 


ENLG 


ENABLE NEXT LEVEL GROUP 



LOGIC DIAGRAM 




{T> INTE 
[T> CLK 
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M8214 



ABSOLUTE MAXIMUM RATINGS^ 

Temperature Under Bias -55°C to +125°C 

Storage Temperature -65°C to +160°C 

All Output and Supply Voltages -0.5V to +7 V 

All Input Voltages -1.0V to +5.5V 

Output Currents 100 mA 



*COMMENT: Stresses above those listed under** Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera* 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. AND OPERATING CHARACTERISTICS 



Ta = 55°C to 1 25°C Ycc = 5V ±10% 












Symbol 


Parameter 


Limits 


Unit 


Conditions 


MIn. 


Typ.nJ 


Max. 


Vc 


Input Clamp Voltage (all inputs) 






-1.2 


V 


lc=-5mA 


If 


Input Forward Current: ETLG input 

all other inputs 




-.15 
-.08 


-0.5 
-0.25 


mA 
mA 


Vf=0.45V 


•r 


Input Reverse Current: ETLG input 

ail other inputs 






80 
40 


ma 

/iA 


Vr=5.5V 


V|L 


Input LOW Voltage: all inputs 






0.8 


V 


Vcc=5.0V 


V|H 


Input HIGH Voltage: all inputs 


2.0 






V 


Vcc=5.0V 


Ice 


Power Supply Current 




90 


130 


mA 


See Note 2. 


Vol 


Output LOW Voltage: all outputs 




.3 


.45 


V 


IOL=10mA 


Vqh 


Output HIGH Voltage: EN LG output 


2.4 


3.0 




V 


l0H=-1mA 


•os 


Short Circuit Output Current: ENLG output 


-15 


-35 


-55 


mA 


Vcc=5.0V 


'CEX 


Output Leakage Current: INT, Aq, Ai, A2 






100 


ma 


VCEX=5.5V 



NOTES: 

1 . Typical values are for J f^ = 25° C, Vcc = 5.0V. 

2. B0-B2, SGS, CLK, R0-R4 grounded, all other inputs and all outputs open. 
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A.C. CHARACTERISTICS Ta = -55°c to +i25°c, vcc = +5V ±10% 




u ^ 


'Hli 






Parameter 


Limits 




Symbol 


Min. 


Typ.Ml 


Max. 


Unif'i^ 


tCY 


CLK Cycle Time 


85 






ns '^"^'i 


tpw 


CLK, ECS, INT Pulse Width 


25 


15 




ns 


tiss 


INTE Setup Time to CLK 


16 


12 




ns 


t|SH 


INTE Hold Time after CLK 


20 


10 




ns 


tETCsl2l 


ETLG Setup Time to CLK 


25 


12 




ns 


tETCHl21 


ETLG Hold Time After CLK 


20 


10 




ns 


tECCsf2l 


ECS Setup Time to CLK 


85 


25 




ns 


^ECCH^"^^ 


ECS Hold Time After CLK 









ns 


tECRsf^l 


ECS Setup Time to CLK 


110 


70 




ns 


tECRH^^i 


ECS Hold Time After CLK 











tECSsf2l 


ECS Setup Time to CLK 


85 


70 




ns 


tECSHl2l 


ECS Hold Time After CLK 









ns 


tDCst2l 


SGS and B0-B2 Setup Time to CLK 


90 


50 




ns 


tDCH^2) 


SGS and B0-B2 Hold Time After CLK 









ns 


tRCS^3] 


Ro'Ry Setup Time to CLK 


100 


55 




ns 


tRCH^^l 


R0-R7 Hold Time After CLK 









ns 


t|CS 


INT Setup Time to CLK 


55 


35 




ns 


tci 


CLK to INT Propagation Delay 




15 


30 


ns 


tRIst^l 


R0-R7 Setup Time to INT 


10 







ns 


tRIH^^J 


R0-R7 Hold Time After INT 


35 


20 




ns 


tRA 


R0-R7 to A0-A2 Propagation Delay 




80 


100 


ns 


^ELA 


ELR to A0-A2 Propagation Delay 




40 


55 


ns 


tECA 


ECS to A0-A2 Propagation Delay 




100 


130 


ns 


tETA 


ETLG to Aq-A^ Propagation Delay 




35 


70 


ns 


tDECS^'*^ 


SGS and B0-B2 Setup Time to ECS 


20 


10 




ns 


tDECH^^^ 


SGS and B0-B2 Hold Time After ECS 


20 


10 




ns 


tREN 


R^-R7to ENLG Propagation Delay 




45 


70 


ns 


tETEN 


ETLG to ENLG Propagation Delay 




20 


30 


ns 


^ECRN 


ECS to ENLG Propagation Delay 




85 


110 


ns 


^ECSN 


ECS to ENLG Propagation Delay 




33 







CAPACITANCE 





Parameter 


Limits 




Symbol 


Min. 


Typ.Hl 


Max 


Unit 


C|N 


Input Capacitance 




5 


10 


pF 


COUT 


Output Capacitance Except ENLG (Pin 14) 




7 


12 


pF 



Test Conditions: Vbias = 2.5V, Vcc = 5V, Ta = 25°c. f = 1 MHz 
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M8216/M8226 
4-BIT PARALLEL BIDIRECTIONAL BUS DRIVER 



Data Bus Buffer Driver for 8080 CPU 

Low Input Load Current: 0.25mA 
Maximum 

High Output Drive Capability for 
Driving System Data Bus 



3.40V Output High Voltage for Direct 
Interface to 8080 CPU 

3-State Outputs 

Full Military Temperature Range 
-55°Cto+125°C 



16-Pin Dual In-Line Package 



±10% Power Supply Tolerance 



The M8216/M8226 is a 4-bit bidirectional bus driver/receiver. All inputs are low power TTL compatible. For driving MOS, 
the DO outputs provide a high 3.40V Voh, and for high capacitance terminated bus structures, the DB outputs provide a 
high 50 mA loL capability. A non-inverting (M8216) and an inverting (M8226) are available to meet a wide variety of 
applications for buffering in microcomputer systems. 



PIN CONFIGURATION 



LOGIC DIAGRAM 
M8216 



LOGIC DIAGRAM 
M8226 




PIN NAMES 



DB0DB3 


DATA BUS 
BI-DIRECTIONAL 


DloD'3 


DATA INPUT 


DO0-DO3 


DATA OUTPUT 


DIEN 


DATA IN ENABLE 
DIRECTION CONTROL 


CS 


CHIP SELECT 



DI2 o- 



■=5^ 



^^- 



:^ 



■^ 



o 



-O DBq 



-O DB3 



DIoO- 



Dl, O- 



DO, o- 



Dlj o- 



DI30- 



0030- 



^ 



^ 



^' 



^ 



^■. 



■^ 



^£^■ 



-1^ 



o 



-O DBo 



-O DB3 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias -55°C to +125°C 

Storage Temperature -65*C to + 160"C 

All Output and Supply Voltages -0.5V to +7V 

All Input Voltages -1.0V to +5.5V 

Output Currents 125 mA 



*COMMENT: Stresses above those listed under ''Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional ofOi^rS^^^ 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. AND OPERATING CHARACTERISTICS 

T^ = -55° C to +125°C, V^^ = +5V ±10% 





Parameter 


Limits 


Unit 




Symbol 


Min. 


Typ. 


Max. 


Conditions 


lF1 


Input Load Current DIEN, OS 




-0.15 


-.5 


mA 


Vf = 0.45 


IF2 


Input Load Current All Other Inputs 




-0.08 


-.25 


mA 


Vf = 0.45 


|R1 


Input Leakage Current DIEN, CS 






20 


mA 


Vr = 5.5V 


IR2 


Input Leakage Current Dl Inputs 






10 


mA 


Vr = 5.5V 


Vc 


Input Forward Voltage Clamp 






-1.2 


V 


Ic = -5mA 


ViL 


Input "Low" Voltage M8216 






.95 


V 


Vcc = 5V 


ViL 


Input "Low" Voltage M8226 






.90 


V 


Vcc = 5V 


VlH 


Input "High" Voltage 


2.0 






V 


Vcc = 5V 


|lo| 


Output Leakage Current DO 
(3-State) DB 






20 
100 


mA 


Vo = .45V to Vcc 


Ice 


Power Supply Current M8216 




95 


130 


mA 




Ice 


Power Supply Current M8226 




85 


120 


mA 




V0L1 


Output "Low" Voltage 




0.3 


.45 


V 


DO Outputs loL = 15mA 
DB Outputs loL = 25mA 


V0L2 


Output "Low" Voltage 




0.5 


.6 


V 


DB Outputs loL = 45mA 


VOH 


Output "High" Voltage 


3.4 


3.8 




V 


DO Outputs loH = -.5mA 


V0H2 


Output "High" Voltage 


2.4 


3.0 




V 


DO Outputs loH = -2mA 
DB Outputs loH = -5.0mA 


los 


Output Short Circuit Current 


-15 


-35 


-65 
^2C 


mA 

~^ A 


DO Outputs Vcc = 5.0V 

. ', , , , 



NOTE: Typical values are for T/v = 25° C, Vcc = 5.0V. 
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WAVEFORMS 



OUTPUT 
ENABLE 



)^ 



X 



)( 



K 










«s.' ^J*' 






A.C. CHARACTERISTICS t^ = -55°c to +i25°c, Vpp =+5V ±10% 





Parameter 


Limits 


Unit 




Symbol 


Min. 


Typ.[i] 


Max. 


Conditions 


TPDI 


Input to Output Delay DO Outputs 




15 


25 


ns 


(NOTE 2) 


TPD2 


Input to Output Delay DB Outputs 
M8216 




19 


33 


ns 


(NOTE 2) 


TPD2 


Input to Output Delay DB Outputs 
M8226 




16 


25 


ns 


(NOTE 2) 


Te 


Output Enable Time M8216 




42 


75 


ns 


(NOTE 2) 


Te 


Output Enable Time M8226 




36 


62 


ns 


(NOTE 2) 


Td 


Output Disable Time M8216 




16 


40 


ns 


(NOTE 2) 


Td 


Output Disable Time M8226 




16 


38 


ns 


(NOTE 2) 



Test Conditions 



Test Load Circuit 



Input pulse amplitude of 2.5V. 

Input rise and fall times of 5 ns between 1 and 2 volts. 



CAPACITANCE 



17 

r 





Parameter 


Limits 




Symbol 


Min. 


Typ.n) 


Max. 


Unit 


C|N 


Input Capacitance 




4 


6 


PF 


COUTI 


Output Capacitance 


DO Outputs 




6 


10 


pF 


CoUT2 


Output Capacitance 


DB Outputs 




13 


18 


pF 



Test Conditions: Vbias = 2.5V, Vcc = 5.0V, Ta = 25°c, f = 1 MHz. 



NOTES: 



Typical values are for T^ = 25° C, Vqq = 5.0V. 



TEST 


Cl 


Ri 


R2 


TpDI 


30pF 


300S2 


60on 


TpD2 


300pF 


90n 


180S2 


Te, (DO, ENABLE!) 


30pF 


lOKH 


IKO 


Te, (DO, ENABLED) 


30pF 


3oon 


600n 


Te, (DB, ENABLEt) 


300pF 


lOKn 


IKfi 


Te,(DB, ENABLED 


300pF 


90S2 


180i2 


Td, (DO, DISABLE!) 


5pF 


300^2 


600i^2 


Td, (DO, DISABLE!) 


5pF 


lOKH 


IKfi 


Td,(DB, DISABLE!) 


5pF 


90n 


i8on 


Td, (DB, DISABLED 


5pF 


lOKH 


IKH 
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M8224 

CLOCK GENERATOR AND DRIVER 

FOR 8080A CPU 



Single Chip Clock Generator/Driver for 
M8080A CPU 

Power-Up Reset for CPU 

Ready Synchronizing Flip-Flop 

Advanced Status Strobe 

Fully Military Temperature Range 
-55<»Cto +125*>C 



■ Oscillator Output for External System 
Timing 

■ Crystal Controlled for Stable System 
Operation 

■ Reduces System Paclcage Count 

■ ± 10% Power Supply Tolerance 



The Intel® M8224 is a single chip clock generator/driver for the M8080A CPU. It is controlled by a crystal, selected by 
the designer to meet a variety of system speed requirements. 

Also Included are circuits to provide power-up reset, advance status trobe, and synchronization of ready. 

The M8224 provides the designer with a significant reduction of packages used to generate clocks and timing for 
M8080A. 



PIN CONFIGURATION 



BLOCK DIAGRAM 



reset! 


1 16 


Z]Vcc 


RESIN [i:: 


2 15 


1 XTAL 1 


RDYINl 


3 14 


1 XTAL 2 


READY 1 
SYNC| 


4 13 

M8224 

5 12 


1 TANK 

josc 


», (TTL)| 


6 11 


Z]^. 


STSTB [;^ 


7 10 


Z]^. 


gndI 


8 9 


Z]^DD 



(T5> XTAL1 — 
|l?> XTAL2 — 
[??> TANK 



OSCILLATOR 



[r> RDYIN- 



CLOCK 
GEN 






[F> SYNC 

[P> rTsTn C^^ 



SCHMITT 
INPUT 




lU-L 



-OSC [T2> 

-. [n> 

- '2lTTL)[r> 
STSTB [T> 

-RESET |T> 

- READY |T> 



PIN NAMES 



RESIN 


RESET INPUT 


RESET 


RESET OUTPUT 


RDYIN 


READY INPUT 


READY 


READY OUTPUT 


SYNC 


SYNC INPUT 


STSTB 


STATUS STB 
(ACTIVE LOW) 


01 


(8080 
\ CLOCKS 


02 



XTAL 1 


( CONNECTIONS 
\ FOR CRYSTAL 


XTAL 2 


TANK 


USED WITH OVERTONE XTAL 


OSC 


OSCILLATOR OUTPUT 


02 (TTL) 


<t>2 CLK (TTL LEVEL) 


Vcc 


+5V 


Vdd 


+ 12V 


GND 


OV 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias -55°Cto 125°C 

Storage Temperature -65°Cto 150°C 

Supply Voltage, Vqc -0.5V to +7V 

Supply Voltage, Vpo -0.5V to +13.5V 

Input Voltage -1.0V to +7V 

Output Current 100mA 



*COMMENT: Stresses above those listed t;jnder ''Absolute 
Maximum Ratings" may cause permanent dBfnage to the 
device. This is a stress rating only and functional Opera- 
tion of the device at these or any other conditions abps^e \ 
those indicated in the operational sections of this specific : 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS 

Ta = -55°C to 1 25°C; Vqc = +5.0V +10%; Vdd = +12V ±10%. 





Parameter 


Limits 


Units 




Symbol 


Min. 


Typ. 


Max. 


Test Conditions 


If 


Input Current Loading 






-.25 


mA 


Vp = .45V 


Ir 


Input Leakage Current 






10 


ma 


Vr = 5.5V 


Vc 


Input Forward Clamp Voltage 






-1.2 


V 


Ic = -5mA 


V|L 


Input "Low" Voltage 






.8 


V 


Vcc = 5.0V 


V|H 


Input "High" Voltage RESIN 
All Other Inputs 


2.6 
2.0 






V 




V|H-V,L 


RESIN Input Hysteresis 


.25 






V 


Vcc = 5.0V 


Vol 


Output "Low" Voltage OSC, 

02 (TTL) 

All Other Outputs 






.45 
.45 


V 
V 


lOL = 10mA 
loL = 2.5mA 


VOH 


Output "High" Voltage 

01 ,02 
READY, RESET 


9.0 
3.3 

2.4 






V 
V 
V 


Iqh =-100iuA 
loH=-100/iA 




OSC, 02 (TTL), STSTB 


Iqh =-1mA 


w^^ 


Output Short Circuit Current 
(All Low Voltage Outputs Only) 


-10 




-60 


mA 


Vo=OV 
Vcc = 5.0V 


'cc 


Power Supply Current 






115 


mA 




bo 


Power Supply Current 






12 


mA 





Note: 1. Caution, 01 and 02 output drivers do not have short circuit protection 

Crystal Requirements 

Tolerance: .005% at -55°C to 1 25°C 
Resonance: Series (Fundamental)* 
Load Capacitance: 20-35pF 
Equivalent Resistance: 75-20 ohms 
Power Dissipation (Min): 4mW 

*With tank circuit use 3rd overtone mode. 
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A.C. CHARACTERISTICS 

Vcc = +5.0 ±10%; Vdd = +12.0V ±10%; Ta = -55°C to +125°C 





Parameter 


Limits 


Units 


Test 


Symbol 


Min. 


Typ. 


Max. 


Conditions 'i 


t0l 


01 Pulse Width 


^^=V.20ns 






ns 




t02 


02 Pulse Width 


^7. 45ns 








tDI 


01 to 02 Delay 











tD2 


02 to 01 Delay 


'7- 25ns 






Cl = 20pF to 50pF 


tD3 


01 to 02 Delay 


2tcy 
9 




2^"=^ + 40ns 
9 




tR 


01 and 02 Rise Time 






25 




tp 


01 and 02 Fall Time 






25 




^002 


02 to 02 (TTL) Delay 


-5 




+15 


ns 


02TTL,CL=3OpF 

Rl-300^ 

R 2=600^ 






9 




6tcy 
9 






toss 


02 to STSTB Delay 








^f-23ns 






STSTB. CL=15pF 
Rl =2K 


tpw 


STSTB Pulse Width 


tORS 


RDYIN Setup Time to 
Status Strobe 


50ns -4^^V 
9 






R2 = 4K 


tDRH 


RDYIN Hold Time 


4tcy 
9 








After STSTB 




tpR 


READY or RESET to 
02 Delay 


4^^V-25ns 
9 








CL=10pF 

Rl=2K 

R2=4K 


tCLK 


CLK Period 




tcy 
9 








'max 


Maximum Oscillating 
Frequency 


27 






MHz 




Cin 


Input Capacitance 






8 


pF 


Vcc=+5.0V 

Vbias=2.5V 
f=1MHz 



TEST 
CIRCUIT 



_[G^ 
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il " '■' ;.'A'M'' 



■i>g> ■ 



WAVEFORMS 






*~-\.i 







3 



SYNC 
(FROIVI8080A) 



\ 



RDYINOR RESIN 



3E 



^._/ 



J 






\ 



*; 



READY OUT 



j: 



^t /- 



C- 



VOLTAGE MEASUREMENT POINTS: 0i,02 Logic "0" = 1.0V, Logic "1" = 7.0V. READY, RESET Logic "0" = 0.8V, Logic "1" = 3.0V. 
All other signals measured at 1 .5V. 



Example: 

A.C. CHARACTERISTICS { For tcv = 488.28 ns.) 
Ta = -55°C to 1 25°C; Vqd = +5V ±10%; Vpo = +12V ±10%. 





Parameter 


Limits 


Units 




Symbol 


Min. 


Typ. 


Max. 


Test Conditions 


t0i 


01 Pulse Width 


89 






ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


tcY=488.28ns 


U2 


02 Pulse Width 


226 








tDI 


Delay 01 to 02 











tD2 


Delay 02 to 0i 


84 






01 & 02 Loaded to 


tD3 


Delay 0i to 02 Leading Edges 


109 




149 


CL = 20to50pF 


tr 


Output Rise Time 






25 




tf 


Output Fall Time 






25 








296 




326 




toss 


02 to STSTB Delay 




tD02 


02 to 02 (TTL) Delay 


-5 




+15 




tpw 


Status Strobe Pulse Width 


31 






Ready & Reset Loaded 






-167 








tDRS 


RDYIN Setup Time to STSTB 


to 2mA/10pF 


tDRH 


RDYIN Hold Time after STSTB 


217 






All measurements 
referenced to 1 5V 


tDR 


READY or RESET 
to 02 Delay 


192 






unless specified 
otherwise. 
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M8228 

SYSTEM CONTROLLER AND BUS DRIVER 

FOR M8080A CPU 



Single Chip System Control for 
MCS-80^'^ Systems 

Built-in Bidirectional Bus Driver for 
Data Bus Isolation 



Allows the Use of Multiple Byte 
Instructions (e.g. CALL) for Interrupt 
Acknowledge 



■ User Selected Single Level Interrupt 
Vector (RST 7) 

■ 28-Pin Dual In-Line Package 

■ Reduces System Package Count 

■ Full Military Temperature Range 
-55^Cto +125*'C 

■ ± 10% Power Supply Tolerance 



The Intel® M8228 is a single chip system controller and bus driver for MCS-80. It generates all signals required to 
directly Interface MCS-80 family RAM, ROM, and I/O components. 

A bidirectional bus driver is included to provide high system TTL fan-out. It also provides isolation of the 8080 data bus 
from memory and I/O. This allows for the optimization of control signals, enabling the systems designer to use slower 
memory and I/O. The isolation of the bus driver also provides for enhanced system noise immunity. 

A user selected single level Interrupt vector (RST 7) is provided to simplify real time, Interrupt driven, small system re- 
quirements. The M8228 also generates the correct control signals to allow the use of multiple byte Instructions (e.g., 
CALL) in response to an interrupt acknowledge by the M8080A. This feature permits large, interrupt driven systems to 
have an unlimited number of interrupt levels. 

The M8228 is designed to support a wide variety of system bus structures and also reduce system package count for 
cost effective, reliable, design of the MCS-80 systems. 



PIN CONFIGURATION 



STSTB \2 

HLDA {2 

WR Q 

DBIN [2 

DB4 [2 

D4 [^ 

DB7 ^ 

D7C 

DB3LI 

D3[^ 

DB2 [2 

DZC. 

DBfJfC 

gndQ 



28 DVcc 
27 ^l/OW 
26 "^ MEMW 
25 ^VOR 
24 []] MEMR 
23 m INTA 
22 "^ BUSEN 
21 LJ D6 
20 "Zi DB6 
19 ^ D5 
18 Zl DB5 
17 I]d1 
16 I]DB1 
15 ^^00 



CPU 
DATA - 
BUS 



BLOCK DIAGRAM 

— DBo 

. DB^ 

• DBj 

« DB3 

— DB. 



BI-DIRECTIONAL 
BUS DRIVER 



SYSTEM DATA BUS 



DRIVER CONTROL 



:r-i=[ 



STATUS 
LATCH 



STSTB - 
DBIN - 



GATING 
ARRAY 



MEM R 

MEMW 

ITOR 

JTOW 

BUSEN 

TNTA 



PIN NAMES 



D7-D0 


DATA BUS (8080 SIDE) 


iNTA 


INTERRUPT ACKNOWLEDGE 


DB7-DB0 


DATA BUS (SYSTEM SIDE) 


HLDA 


HLDA (FROM 8080) 


I/OR 


I/O READ 


WR 


WR (FROM 8080) 


l/OW 


I/O WRITE 


BUSEN 


BUS ENABLE INPUT 


MEMR 


MEMORY READ 


STSTB 


STATUS STROBE (FROM 8224) 


MEMW 


MEMORY WRITE 


Vcc 


+5V 


DBIN 


DBIN (FROM 8080) 


GND 


VOLTS 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias -55°Cto 125°C 

Storage Temperature -65°Cto 150°C 

Supply Voltage, Vqc -0.5V to +7V 

Input Voltage -1.0V to +7V 

Output Current 100mA 



^COMMENT: Stresses above those liits^ under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions abme , 
those indicated in the operational sections of this spec/ ff- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS Ta = -55°cto i25°C; Vcc = 5V ±10%. 





Parameter 


Limits 


Unit 




Symbol 


Min. 


Max. 


Test Conditions 


Vc 


Input Clamp Voltage, All Inputs 




-1.2 


V 


Ic = -5mA 


If 


Input Load Current, 
STSTB 




500 


fiA 






D2,D6 




750 


ma 


Vf = 0.4V 




Do, Di, 04,05, D7 




250 


ma 






All Other Inputs 




250 


MA 




Ir 


Input Leakage Current 
OB0-O7 




20 


MA 


Vr = 5.5V 




All Other Inputs 




100 


ma 




Vth 


Input Threshold Voltage, All Inputs 


0.8 


2.0 


V 


Vcc = 5V 


'cc 


Power Supply Current 




210 


mA 




Vol 


Output Low Voltage, 
D0-D7 




.5 


V 


Iql = 2mA 




All Other Outputs 




.5 


V 


Iql = 10mA 


VOH 


Output High Voltage, 
D0-D7 


3.3 




V 


loH =-10mA 




All Other Outputs 


2.4 




V 


lOH =-1mA 


los 


Short Circuit Current, All Outputs 


15 


90 


mA 


Vcc = 5V 


'O (Off) 


Off State Output Current, 
All Controls Outputs 




100 


MA 


Vo = 5.5V 




-100 


ma 


Vo = .45V 


•iNT 


INTA Current 




5 


mA 


(See Figure 1) 



Note 1 : Typical values are for T/\ = 250C and nominal supply voltages. 




14-64 



M8228 



CAPACITANCE This parameter is periodically sampled and not 100% tested. 



Symbol Parameter 


Limits 


Unit 


Min. 


Typ.ni 


Max. 


C||\| Input Capacitance 




8 


12 


PF 


Output Capacitance 
^^"^ Control Signals 




7 


15 


pF 


. I/O Capacitance 
'^ (D or DB) 




8 


15 


pF 



TEST CONDITIONS: Vbias = 2.5V, Vqc = 5.0V, Ta = 25°C, f = 1 MHz. 



Note 2: For D0-D7: Ri = 4Kn, R2 = °°n, 
C|_ = 25pF. For all other outputs: 
Rl =500n, R2= IKn, Cl= lOOpF. 



testcircuit'^i 



I GN 



A" 







Figure 1. INTA Test Circuit (for RST 7) 



A.C. CHARACTERISTICS Ta = -55°c to 125°C; Vcc = 5V ±10%. 





Parameter 


Limits 


Units 




Symbol 


Min. 


Max. 


Condition 


tpw 


Width of Status Strobe 


25 




ns 




tss 


Setup Time, Status Inputs D0-D7 


8 




ns 




tSH 


Hold Time, Status Inputs D0-D7 


5 




ns 




tDC 


Delay from STSTB to any Control Signal 


20 


75 


ns 


Cl = lOOpF 


tRR 


Delay from DBIN to Control Outputs 




30 


ns 


Cl = lOOpF 


tRE 


Delay from DBIN to Enable/Disable 8080 Bus 




45 


ns 


Cl = 25pF 


tRD 


Delay from System Bus to 8080 Bus during Read 




45 


ns 


Cl = 25pF 


tWR 


Delay from WR to Control Outputs 


5 


60 


ns 


Ci.= 100pF 


tWE 


Delay to Enable System Bus DB0-DB7 after STSTB 




30 


ns 


Cl = lOOpF 


tWD 


Delay from 8080 Bus D0-D7 to System Bus 
DB0-DB7 during Write 


5 


40 


ns 


Cl = lOOpF 


tE 


Delay from System Bus Enable to System Bus DB0-DB7 




30 


ns 


Cl = lOOpF 


tHD 


HLDA to Read Status Outputs 




zu 


iia 


^L " I'-'^K' 


tDS 


Setup Time, System Bus Inputs to HLDA 


10 




ns 




tOH 


Hold Time, System Bus Inputs to HLDA 


20 




ns 
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WR 
DBIN 
HDLA 

IV18080A °° 
CPU Di 

D2 
D3 
D4 

D5 
De 
D7 


18 












17 












21 






4 <1,3 






10 


15 


n2 








M8228 

BIDIRECTIONAL 

BUS DRIVER 


13 




9 


17 


16 




8 


12 


11 




7 


10 


9 




3 


6 


5 




4 


19 


18 




5 
6 


^ ^21 


20^ 

* * 






1 












COIMTROL 






BUSEN 




22 













DB7 

I NT A 
MEM R 
MEMW 
I/O R 

iTow 



■ CONTROL BUS 



Figure 2. M8080A CPU Interface 



TYPE OF MACHINE CYCLE 




Do 

Dl 



D2 

Da 

D4 
D5 
D6 
D7 



Ml 



STATUS WORD 



MEMW 
MEMR 
MEMW 
MEMR 
MEMR 



CONTROL 
SIGNALS 



1 



Figure 3. Status Word Chart 
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WAVEFORMS 



SYSTEM BUS DURING READ 



8080 BUS DURING READ 



8080 BUS DURING WRITE 



SYSTEM BUS DURING WRITE 



SYSTEM BUS OUTPUTS 



M8228 



r ^T3 / — \t, r^T, ^ ^T, 







VOLTAGE MEASUREMENT POINTS: DQ-Dy (when outputs) Logic "0" = 0.8V, Logic "1" = 3.0V. All other signals measured 

at 1.5V. 
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M825t 
PROGRAMMABLE COMMUNICATION INTERFACE 



Synchronous and Asynchronous 
Operation 

■ Synchronous: 

5-8 Bit Characters 
Internal or External Character 
Synchronization 
Automatic Sync Insertion 

■ Asynchronous: 

5-8 Bit Characters 

Clock Rate — 1,16 or 64 Times 

Baud Rate 
Break Character Generation 
1,11/2, or 2 Stop Bits 
False Start Bit Detection 



■ Baud Rate — DC to 56k Baud (Sync Mode) 

DC to 8.1k Baud (Async Mode) 

■ Full Duplex, Double Buffered, 
Transmitter and Receiver 

■ Error Detection — Parity, Overrun, 
and Framing 

■ Fully Compatible with 8080 CPU 

■ All Inputs and Outputs Are 
TTL Compatible 

■ Full Military Temperature Range 
-55°C to +125°C 

■ ±10% Power Supply Tolerance 



TheM8251 is a Universal Synchronous/Asynchronous Receiver/Transmitter (USART) Chip designed for data 
communications in microcomputer systems. The USART is used as a peripheral device and is programmed 
by the CPU to operate using virtually any serial data transmission technique presently in use (including IBM 
Bi-Sync). The USART accepts data characters from the CPU in parallel format and then converts them into 
a continuous serial data stream for transmission. Simultaneously it can receive serial data streams and con- 
vert them into parallel data characters for the CPU. The USART will signal the CPU whenever it can accept 
a new character for transmission or whenever it has received a character for the CPU. The CPU can read the 
complete status of the USART at any time. These include data transmission errors and control signals such 
as SYNDET, TxEMPT. The chip is constructed using N-channel silicon gate technology. 



PIN CONFIGURATION 



D2C 

RxD 
GND 



1=1 '^, 



M8251 




■ 



Pin Name 


Pin Function 


D7 Do 


Data Bus (8 bits) 


C/D 


Control or Data is to be Written or Read 


RD 


Read Data Command 


WR 


Write Data or Control Command 


cs 


Chip Enable 


CLK 


Clock Pulse (TTL) 


RESET 


Reset 


TxC 


Transmitter Clock 


TxD 


Transmitter Data 


RxC 


Receiver Clock 


RxD 


Receiver Data 


RxRDY 


Receiver Ready (has character for 8080) 


TxRDY 


Transmitter Ready (ready for char from 8080) 



Pm Name 


Pin Function 


DSR 


Data Set Ready 


DTR 


Data Terminal Ready 


SYNDET 


Sync Detect 


RTS 


Request to Send Data 


CTS 


Clear to Send Data 


TxE 


Transmitter Empty 


Vcc 


+ 5 Volt Supply 


GND 


Ground 



M8251 BLOCK DIAGRAM 



RESET_ 
CLK._ 

C/D_ 



READ/WRITE 

CONTROL 

LOGIC 



o 



OSR- 
DTR^ 

CTS- 
RTS^ 



MODEM 
CONTROL 



INTERNAL 
DATA BUS 



z> 


TRANSMIT 
BUFFER 

(P -S) 


1 




TRANSMIT 
CONTROL 


C 










RECEIVE 
BUFFER 

(S -P) 










RECEIVE 
CONTROL 



.^TxRDV 

^TxE 

_txC 



^RxRDY 
^SYNDET 



14-68 



M8251 



ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias -55°C to +125 C 

Storage Temperature -65 C to +150 C 

Voltage On Any Pin 

With Respect to GND -0.5V to +7V 

Power Dissipation 1 Watt 



*COMMENT: Stresses above those listed und^r "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS 

Ta = -55°C to +1 25°C; Vqc = 5.0V ±10%; GND = OV 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


V|L 


Input Low Voltage 


-.5 




0.8 


V 




V|H 


Input High Voltage 


2.0 




Vcc 


V 




Vol 


Output Low Voltage 






0.45 


V 


loL = 1.6mA 


VOH 


Output High Voltage 


2.4 






V 


loH =-100mA 


iDL 


Data Bus Leakage 






50 
10 


mA 

/uA 


VouT^.45V 
^OUT " ^cc 


Ili 


Input Load Current 






10 


AiA 


V|N = 5.5V 


»cc 


Power Supply Current 




4b 


80 







CAPACITANCE 

Ta = 25°C; Vcc = GND = OV 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


Qn 


Input Capacitance 






10 


pF 


fc = 1MHz 


C|/0 


I/O Capacitance 






20 


pF 


Unmeasured pins returned to GND. 



TEST LOAD CIRCUIT: 



Figure 1. 









/ 






/ 


/^ 






SPEC 




/ 









-50 +50 

A CAPACITANCE (pF) 
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A.C. CHARACTERISTICS '^i 



Ta = -55°Cto +125°C; Vqc = 5.0V t10%; GND = OV 












Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


tCY 


Clock Period 


.420 




1.35 


MS 




^0W 


Clock Pulse Width 


220 






ns 




tR,tF 


Clock Rise and Fall Time 







50 


ns 




%R 


WRITE Pulse Width 


400 






ns 








200 






ns 




tDS 


Data Set-Up Time for WR ITE 




tDH 


Data Hold Time for WRITE 


40 






ns 




^AW 


Address Stable before WRITE 


20 






ns 


' 


tWA 


Address Hold Time for WRITE 


20 






ns 




tRD 


READ Pulse Width 


430 






ns 












350 


ns 




^DD 


Data Delay from READ 








25 




200 


ns 




tDF 


READ to Data Floating [3] 


Cl=15pF to lOOpF 


tAR 


Address (CE, C/D) Stable before READ 


50 






ns 




tRA 


Address (CE, C/D) Hold Time for READ 


5 






ns 




tDTx 


TxD Delay from Falling Edge of TxC 






1 


/JS 




tSRx 


Rx Data Set-Up Time to Sampling Pulse 


2 






US 




^HRx 


Rx Data Hold Time to Sampling Pulse 


2 






MS 




fjx n] 


Transmitter Clock Frequency 
IX Baud Rate 
leXand 64X Baud Rate 


DC 
DC 




56 
529 


KHz 
KHz 




fRx [11 


Receiver Clock Frequency 
IX Baud Rate 
leXand 64X Baud Rate 


DC 
DC 




56 
529 


KHz 
KHz 




tTx 


TxRDY Delay from Center of Data Bit 






16 


CLK Period 




tRx 


RxRDY Delay from Center of Data Bit 


15 




20 


CLK Period 




tis 


Internal Syndet Delay from Center of Data Bit 


20 




25 


CLK Period 




tES 


External Syndet Set-Up Time before Falling 
Edge of RxC 






16 


CLK Period 





Note 1 : The TxC and RxC frequencies have the following limitation with respect to CLK. 
For ASYNC Mode, tj^ or tR^ -* 4.5 tcv 
For SYNC Mode, tj^ or tpx ^ 30 tcY 

2. AC timings are measured at Vqh "" 2.0V, Vql ^ 0.8V, and load circuit of Figure 1. 

3. Float timings are measured at Vqh " 2.48V, Vql = 2.08V 



Figure 1. Test Load Circuit. 



X 



R = 1143<2 
-^VW O Vref ^ 2 28V 



>psCl - lOOpF 

WAVEFORMS (See 8251 Waveforms, page 10-155) 
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M8255A 
PROGRAMMABLE PERIPHERAL INTERFACE 



24 Programmable I/O Pins 

Completely TTL Compatible 

Fully Compatible with MCS-SO^*^ 
Microprocessor Family 

Full Military Temperature Range 
-55^Cto +125^C 



■ Direct Bit Set/Reset Capability Easing 
Control Application Interface 

■ 40-Pin Dual In-Line Package 

■ Reduces System Package Count 

■ ±10% Power Supply Tolerance 



The Intel® M8255A is a general purpose programmable I/O device designed for use with microprocessors. It has 24 I/O 
pins which may be individually programmed in 2 groups of 12 and used in 3 major modes of operation. In the first mode 
(MODE 0), each group of 12 I/O pins may be programmed in sets of 4 to be input or output. In MODE 1, the second 
mode, each group may be programmed to have 8 lines of input or output. Of the remaining 4 pins, 3 are used for hand- 
shaking and interrupt control signals. The third mode of operation (MODE 2) Is a bidirectional bus mode which uses 8 
lines for a bidirectional bus, and 5 lines, borrowing one from the other group, for handshaking. 
Other features of the M8255A include bit set and reset capability and the ability to source 1 mA of current at 1.5 volts. 
This allows darlington transistors to be directly driven for applications such as printers and high voltage displays. 



PIN CONFIGURATION 



M8255A BLOCK DIAGRAM 



PA3L 1 
PA2 C 2 
PA1 Q 3 
PAOC 4 
RDC 5 
CS C 6 
GND C 7 
A1 C 8 
AOC 9 
PC7 \Z 10 
PC6 Q 11 
PC5C 12 
PC4[] 13 
PCO C 14 
PCI C 15 
PC2 C 16 
PC3 \Z 17 
PBOQ 18 

PB2Q 20 



"V^ 



M8255A 



40 I] PA4 
39 D PAS 
38 I] PA6 
37 m PA7 
36 I] WR 
35 U RESET 
34 I] Do 
33 D Di 
32DD2 
31 DD3 
30 H D4 
29IID5 
28 HOg 
27 D D, 
26 3 \c 
25 m PB7 
24 Z] PB6 
23 U PBS 

->•» Hi prx 
21 3 PB3 



Bl DIRECTIONAL DAT< 



aA ^ 

US C 



C 



<i D ''^} 



PIN NAMES 



D7-D0 


DATA BUS (BI-DIRECTIONAL) 


RESET 


RESET INPUT 


CS 


CHIP SELECT 


RD 


READ INPUT 


WR 


WRITE INPUT 


AO.AI 


PORT ADDRESS 


PA7-PA0 


PORT A (BIT) 


PB7-PB0 


PORT B (BIT) 


PC7-PC0 


PORT C (BIT) 


Vcc 


+5 VOLTS 


GND 


VOLTS 



GROUP 

B 

CONTROL 



C=^ 



C=:^,^?„ 



\j — I ^ PC, PC 



<) PORT C 
1/ LOWFR 



\l — I i/ PC3 PC 



<^=^ 'T W^^^^^-B 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias -55°C to +125°C 

Storage Temperature —65 C to +150 C 

Voltage On Any Pin 

With Respect to GND -0.5V to +7V 

Power Dissipation 1 Watt 



*COMMENT: Stresses above thosS fisf0 under "Absolute 
Maximum Ratings" may cause permanei4t^altn,dge to the 
device. This is a stress rating only and functfonaf 'Opera- 
tion of the device at these or any other conditior^ 0^^^ 
those indicated in the operational sections of this spetiii^ff'r 
cation is not implied. Exposure to absolute maximum * 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS Ta= -55°Cto+125°C;Vcc = +5V±10%;GND = 0V 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


TEST CONDITIONS 


V|L 


Input Low Voltage 


-0.5 


0.8 


V 




V|H 


Input High Voltage 


2.0 


Vcc 


V 




Vol (DB) 


Output Low Voltage (Data Bus) 




0.45 


V 


l0L = 2.5mA 


Vol(PER) 


Output Low Voltage (Peripheral Port) 




0.45 


V 


l0L= 1-7mA 


VoHiDB) 


Output High Voltage (Data Bus) 


2.4 




V 


lOH = -400)UA 


Voh(PER) 


Output High Voltage (Peripheral Port) 


2.4 




V 


loH = -200iuA 


IdarI^I 


Darlington Drive Current 


-1.0 


-4.0 


mA 




'cc 


Power Supply Current 




120 


mA 




l|L 


Input Load Current 




±10 


ma 


V|N = Vcc to OV 




•OFL 


Output Float Leakage 




±10 


mA 


VoUT = VcctoOV 



Note 1 : Available on any 8 pins from Port B and C. 



T 



750 i2 



A.C. CHARACTERISTICS Ta = -55°cto+i25°c, Vcc = +5V±io%;GND = ov 



■ 





PARAMETER 


8255A 




SYMBOL 


MIN. 


MAX. 


UNIT 


tAR 


Address Stable Before READ 







ns 


tRA 


Address Stable After R EAD 







ns 


tRR 


READ Pulse Width 


300 




ns 


tRD 


Data Valid From READfl 




250 


ns 


tDF 


Data Float After READ 


10 


150 


ns 


tRV 


Time Between READs and/or WRITEs 


850 




ns 


tAW 


Address Stable Before WR ITE 







ns 


tWA 


Address Stable After WR ITE 


20 




ns 


tww 


WRITE Pulse Width 


400 




ns 


tow 


Data Valid to WRITE (T.E.) 


100 




ns 


tWD 


Data Valid After WRITE 


30 




ns 


tWB 


WR = 1 to Output! 1| 




350 


ns 


t|R 


Peripheral Data Before RD 







ns 


tHR 


Peripheral Data After RD 







ns 


tAK 


ACK Pulse Width 


300 




ns 


tST 


STB Pulse Width 


500 




ns 


tps 


Per. Data Before T.E. of STB 







ns 
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tPH 


Per. Data After T.E. of STB 


180 




ns 


tAD 


ACK = 0toOutputll| 




300 


ns 


^KD 


ACK = 1 to Output Float 


20 


250 


ns 


tWOB 


WR = 1 toOBF =01^1 




650 


ns 


UOB 


ACK = 0toOBF = 1I1I 




350 


ns 


tSIB 


STB = Oto IBF = im 




300 


ns 


^RIB 


RD= 1 to IBF = Oll| 




300 


ns 


tRIT 


RD = Oto INTR = Ol^l 




400 


ns 


tSIT 


STB = 1 to INTR = ll^l 




300 


ns 


^AIT 


ACK= 1 to INTR = ll^l 




350 


ns 


twiT 


WR = Oto INTR = Ol^l 




850 


ns 



Notes: 

1. Test condition: 8255A: Cl = lOOpF 

2. Period of Reset pulse must be at least 50)uF during or after power on. Subsequent Reset pulse can be 500ns min. 



CAPACITANCE Ta = 25°c, Vcc = gnd = ov 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


TEST CONDITIONS 


C|N 


Input Capacitance 






10 


pF 


fc= 1MHz 


C|/o 


I/O Capacitance 






20 


pF 


Unmeasured pins returned to GND 





Figure 31. Test Load Circuit 



DATA FROM 
'^ 8080 TO 8255 




PERIPHERAL 
BUS 



■i 



y—tzD-- 



DATA FROM 
PERIPHERAL TO 8255 



DATA FROM 
8255 TO PERIPHERAL 



V_J 



DATA FROM 
8255 TO 8080 



Figure 32. MODE 2 (Bidirectional) 
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intel 



M8085A 
SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSOR 



Single +5V Power Supply 

100% Software Compatible with 8080A 

1.3 jjiS Instruction Cycle 

On-Chip Clock Generator (with External 
Crystal, LC or RC Network) 

On-Chip System Controller; Advanced 
Cycle Status Information Available for 
Large System Control 



Four Vectored Interrupt Inputs (One is 
non-Maskable) Plus an 8080A- 
compatible interrupt 

Serial In/Serial Out Port 

Decimal, Binary and Double Precision 
Arithmetic 

Direct Addressing Capability to 64k 
Bytes of Memory 



The Intel® M8085A is a complete 8-bit parallel Central Processing Unit (CPU). Its instruction set is 100% software 
compatible with the 8080A microprocessor, and it Is designed to improve the present 8080A's performance by higher 
system speed. 

The M8085A incorporates all of the features that the 8224 (clock generator) and 8228 (system controller) provided for the 
8080A, thereby offering a high level of system integration. 

The M8085A uses a multiplexed data bus. The address is split between the 8-bit address bus and the 8-bit data bus. 



accumulator! 

(8)1 



POWER J — ^ +5V 
SUPPLY 1-*-GND 



Xi - 
X2 - 



INTA RST6.5 TRAP 

INTR f RST5.5 I RST7.5 



SID SOD 



INTERRUPT CONTROL 



I 



SERIAL I/O CONTROL 



8-BIT INTERNAL DATA BUS 



31 



SZ. 



FLAG (5)1 
FLIP FLOPS I 



TL 



ARITHMETIC 

LOGIC 

UNIT 



TIMING AND CONTROL 



I ' ii I 111 ' i 

CLKOUT RD WR ALE So Si lO/M HLDA 

READY HOLD RESET IN 



INSTRUCTION 
REGISTER (I 



INSTRUCTION 
DECODER 

AND 
MACHINE 

CYCLE 
ENCODING 



STACK POINTER 



PROGRAM COUNTER 



ADDRESS BUFFER 



Ai5-A8 
ADDRESS BUS 



iL 



DATA/ADDRESS BUFFER 



Figure 1. M8085A CPU Functional Block Diagram. 
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M8085A 



Xl 


C 


1 


40 


3 


vcc 


X2 


c 


2 


39 


3 


HOLD 


RESET OUT 


c 


3 


38 


3 


HLDA 


SOD 


c 


4 


37 


3 


CLK(OUT) 


SID 


c 


5 


36 


3 


RESET IN 


TRAP 


c 


6 


35 


3 


READY 


RST 7.5 


c 


7 


34 


3 


lO/M 


RST 6.5 


c 


8 33 
M8085A 


3 


Si 


RST 5.5 


c; 


9 


32 


3 


RD 


INTR 


c 


10 


31 


3 


WR 


INTA 


c 


11 


30 


3 


ALE 


ADo 


c 


12 


29 


3 


So 


ADi 


c 


13 


28 


3 


Al5 


AD2 


c 


14 


27 


3 


Ai4 


AD3 


c 


15 


26 


3 


Al3 


AD4 


c 


16 


25 


3 


Al2 


AD5 


c 


17 


24 


3 


All 


AD6 


c 


18 


23 


3 


AlO 


AD7 


c 


19 


22 


3 


A9 


vss 


c 


20 


21 


3 


As 



Symbol 



Figure 2. M8085A Pinout Diagram 

M8085A FUNCTIONAL PIN DESCRIPTION 

The following describes the function of each pin: 



Symbol 

As-Ais 
(Output, 3-state) 



ADo-7 

(Input/Output, 

3-state) 



ALE 
(Output) 



Function 

Address Bus: The most significant 8 
bits of the memory address or the 8 
bits of the I/O address, 3-stated dur- 
ing Hold and Halt modes and during 
RESET. 

Multiplexed Address/Data Bus: Low- 
er 8 bits of the memory address (or 
I/O address) appear on the bus dur- 
ing the first clock cycle (T state) of a 
machine cycle. It then becomes the 
data bus during the second and third 
clock cycles. 

Address Latch Enable: It occurs dur- 
ing the first clock state of a machine 
cycle and enables the address to get 
latched into the on-chip latch of pe- 
ripherals. The falling edge of ALE is 
set to guarantee setup and hold times 
for the address information. The fall- 
ing edge of ALb can also oe usea to 
strobe the status information. ALE is 



RD 

(Output, 3-8tate) 



WR 

(Output, 3-8tate) 



READY 
(Input) 



HOLD 
(Input) 



HLDA 
(Output) 





never 


3-stated. 


INTR 


So, Si, and lO/IVI 






(Input) 


(Output) 


Mach 
\0/fA 


ne cycle status: 
Si So Status 









1 


1 Memory write 

1 Memory read 
1 I/O write 






1 


1 I/O read 








1 


1 1 Opcode fetch 

1 1 Interrupt Acknowledge 

Halt 






* 


X X Hold 






* 


X X Reset 






* = 3-state (high impedance) 
X = unspecified 





Function 

Si can be used as an advanced R/W 
status. IO/M,So and Si become valid 
at the beginning of a machine cycle 
and remain stable throughout th^ 
cycle. The falling edge of ALE may be 
used to latch the state of these lines. 

READ control: A low level on RD in- 
dicates the selected memory or I/O 
device is to be read and that the Data 
Bus is available for the data transfer, 
3-stated during Hold and Halt modes 
and during RESET. 

WRITE control: A low level on WR in- 
dicates the data on the Data Bus is to 
be written into the selected memory 
or I/O location. Data is set up at the 
trailing edge of WR. 3-stated during 
Hold and Halt modes and during 
RESET. 

If READY is high during a read or write 
cycle, it indicates that the memory or 
peripheral is ready to send or receive 
data. If READY is low, the cpu will 
wait an integral number of clock 
cycles for READY to go high before 
completing the read or write cycle. 

HOLD indicates that another master 
is requesting the use of the address 
and data buses. The cpu, upon re- 
ceiving the hold request, will re- 
linquish the use of the bus as soon as 
the completion of the current bus 
transfer. Internal processing can con- 
tinue. The processor can regain the 
bus only after the HOLD is removed. 
When the HOLD isacknowledged, the 
Address, Data, RD, WR, and lO/M 
lines are 3-stated. 

HOLD ACKNOWLEDGE: Indicates 
that the cpu has received the HOLD 
request and that it will relinquish the 
bus in the next clock cycle. HLDA 
goes low after the Hold request is 

half clock cycle after HLDA goes low. 

INTERRUPT REQUEST: is used as a 
general purpose interrupt. It is sam- 
pled only during the next to the last 
clock cycle of an instruction and dur- 
ing Hold and Halt states. If it is active, 
the Program Counter (PCi will be in- 
hibite d from incrementing and an 
INTA will be issued. During thiscycle 
a RESTART or CALL instruction can 
be inserted to jump to the interrupt 
service routine. The INTR is enabled 
and disabled by software. It is dis- 
abled by Reset and immediately after 
an interrupt is accepted. 
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M8085A FUNCTIONAL PIN DESCRIPTION (Continued) 



Symbol 



INTA 
(Output) 



RST 5.5 
RST 6.5 
RST 7.5 
(Inputs) 



TRAP 
(Input) 



RESET IN 
(Input) 



Function 

INTERRUPT ACKNOWLEDGE: Is 
used instead of (and has the same 
timing as) RD during the Instruction 
cycle after an INTR is accepted. It can 
be used to activate the 8259 Interrupt 
chip or some other interrupt port. 

RESTART INTERRUPTS: These three 
inputs have the same timing as INTR 
except they cause an internal RE- 
START to be automatically inserted. 

The priority of these interrupts is 
ordered as shown in Table 1. These 
interrupts have a higher priority than 
INTR. In addition, they may be indi- 
vidually masked out using the SIM 
instruction. 

Trap interrupt is a nonmaskable RE- 
START interrupt. It is recognized at 
the same time as INTR or RST 5.5-7.5. 
It is unaffected by any mask or Inter- 
rupt Enable. It has the highest priority 
of any interrupt. (See Table 1.) 

Sets the Program Counter to zero and 
resets the Interrupt Enable and HLDA 
flip-flops. The dataandaddress buses 
and the control lines are 3-stated dur- 
ing RESET and because of the asyn- 
chronous nature of RESET, the pro- 
cessor's internal registers and flags 
may be altered by R ESET with u npre- 
dictable results. RESET IN is a 



Symbol 



RESET OUT 
(Output) 



Xi, X2 

(Input) 



CLK 
(Output) 

SID 
(Input) 



SOD 
(Output) 

Vcc 
Vss 



Function 

Schmitt-triggered input, allowing ' 
connection to an R-C network for 
power-on RESET delay. The cpu is 
held in the reset condition as long as 
RESET IN is applied. 

Indicates cpu is being reset. Can be 
used as a system reset. The signal is 
synchronized to the processor clock 
and lasts an integral number of clock 
periods. 

Xi and X2 are connected to a crystal, 
LC, orRC networktodrivetheinternal 
clock generator. Xi can also be an 
external clock input from a logic gate. 
The input frequency is divided by 2to 
give the processor's internal oper- 
ating frequency. 

Clock Output for use as a system 
clock. The period of CLK is twice the 
Xi, X2 input period. 

Serial input data line. The data on this 
line is loaded into accumulator bit 7 
whenever a RIM instruction is exe- 
cuted. 

Serial output data line. The output 
SOD is set or reset as specified by the 
SIM instruction. 

+5 volt supply. 

Ground Reference. 



TABLE 1. INTERRUPT PRIORITY, RESTART ADDRESS, AND SENSITIVITY 



Name 


Priority 


Address Branched To (1) 
When Interrupt Occurs 


Type Trigger 


TRAP 


1 


24H 


Rising edge AND high level until sampled. 


RST 7.5 


2 


3CH 


Rising edge (latched). 


RST 6.5 


3 


34H 


High level until sampled. 


RST 5.5 


4 


2CH 


High level until sampled. 


INTR 


5 


See Note (2). 


High level until sampled. 



NOTES: 

(1) The processor pushes the PC on the stack before branching to the indicated address. 

(2) The address branched to depends on the instruction provided to the cpu when the interrupt is 
acknowledged. 
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FUNCTIONAL DESCRIPTION 

The M8085A is a complete 8-bit parallel central processor. 
It is designed with N-channel depletion loadsand requires 
a single +5 volt supply. Its basic clock speed is 3 MHz, thus 
improving on the present 8080A's performance with 
higher system speed. Also it is designed to fit into a 
minimum system of three IC's: The CPU (8085A), a 
RAM/IO (8156), and a ROM or EPROM/IO chip (8355 or 
8755A). 

The M8085A has twelve addressable 8-bit registers. Four 
of them can function only as two 16-bit register pairs. Six 
others can be used interchangeably as 8-bit registers or as 
16-bit register pairs. The M8085A register set is as follows: 



Mnemonic 


Register 

Accumulator 


Contents 


ACCorA 


8 bits 


PC 


Program Counter 


16-bit address 


BC,DE,HL 
SP 


General-Purpose 
Registers; data 
pointer (HL) 
Stack Pointer 


8 bits X 6 or 
16 bits X 3 

16-bit address 


Flags or F 


Flag Register 


5flags(8-bitsp 



The M8085A uses a multiplexed Data Bus. The address is 
split between the higher 8-bit Address Bus and the lower 
8-bit Address/Data Bus. During the first T state (clock 
cycle) of a machine cycle the low order address is sent 
out on the Address/Data bus. These lower 8 bits may be 
latched externally by the Address Latch Enable signal 
(ALE). During the rest of the machine cycle the data bus is 
used for memory or I/O data. 

The M8085A provides RD, WR, So, Si , and lO/M signals for 
bus control. An Interrupt Acknowledge signal (INTA) is 
also provided. HOLD, READY, and all Interrupts are 
synchronized with the processor's internal clock. The 
M8085A also provides Serial Input Data (SID) and Serial 
Output Data (SOD) lines for simple serial interface. 

In addition to these features, the M8085A has three mask- 
able, vector interrupt pins and one nonmaskable TRAP 
interrupt. 

INTERRUPT AND SERIAL I/O 

The M8085A has 5 interrupt inputs: INTR, RST 5.5, 
RST 6.5, RST 7.5, and TRAP. INTR is identical in function 

i^ xu^ onoAA iMx Co^^h o*thothroo PFQTART innnts f^ 5 

6.5, and 7.5, has a programmable mask. TRAP is also a 
RESTART interrupt but it is nonmaskable. 

The three maskable interrupts cause the internal execu- 
tion of RESTART (saving the program counter in the stack 
and branching to the RESTART address) if the interrupts 
are enabled and if the interrupt mask is not set. The non- 
maskable TRAP causes the internal execution of a 
RESTART vector independent of the state of the inter- 
rupt enable or masks. (See Table 1.) 

There are two different types of inputs in the restart in- 
terrupts. RST 5.5 and RST 6.5 are high level-sensitive like 
INTR (and INT on the 8080) and are recognized with the 
same timing as INTR. RST 7.5 is rising edge-sensitive. 

For RST 7.5, only a pulse is required to set an internal 
flip-flop which generates the internal interrupt request. 
(See Section 2.2.7.) The RST 7.5 request flip-flop remains 



set until the request is servicedr-Then it %r|i@^| auto- 
matically. This flip-flop may a lso be'if^s et,..by^&lj^d{;)e 
SIM instruction or by issuing a RESET IN totHe MWjita^ 
The RST 7.5 internal flip-flop will be set by a p^af ac|.tfw,^ 
RST 7.5 pin even when the RST 7.5 interrupt is maskbid'H. ■ 
The status of the three RST interru pt masks c an only Be 
affected by the SIM instruction and RESET IN. (See SIM, 
Chapter 4.) 

The interrupts are arranged in a fixed priority that deter- 
mines which interrupt is to be recognized if more than 
one is pending as follows: TRAP — highest priority, 
RST 7.5, RST 6.5, RST 5.5, INTR — lowest priority. This 
priority scheme does not take into account the priority 
of a routine that was started by a higher priority interrupt. 
RST 5.5 can interrupt an RST 7.5 routine if the interrupts 
are re-enabled before the end of the RST 7.5 routine. 

The TRAP interrupt is useful for catastrophic events such 
as power failure or bus error. The TRAP input is recog- 
nized just as any other interrupt but has the highest 
priority. It is not affected by any flag or mask. The TRAP 
input is both edge and level sensitive. The TRAP input 
must go high and remain high until it is acknowledged. 
It will not be recognized again until it goes low, then high 
again. This avoids any false triggering due to noise or 
logic glitches. Figure 3 illustrates the TRAP interrupt 
request circuitry within the M8085A. Note that the 
servicing of any Interrupt (TRAP, RST 7.5, RST 6.5, RST 
5.5, INTR) disables all future interrupts (except TRAPs) 
until an El instruction is executed. 



EXTERNAL 
TRAP 

INTERRUPT 
REQUEST 



INSIDE THE M8085A 



SCHIVIITT 
TRIGGER 



PH 



lP 



INTERRUPT 
REQUEST 



INTERNAL TRAP F.F. 



TRAP 

ACKNOWLEDGE 



Figure 3. TRAP and RESET IN Circuit 

The TRAP interrupt is special in that it disables interrupts, 
but preserves the previous interrupt enable status. Per- 
forming the first RIM instruction following a TRAP inter- 
rupt allows you to determine whether interrupts were 
enabled or disabled prior to the TRAP. All subsequent 
RIM instructions provide current interrupt enable status. 
Performing a RIM instruction following INTR, or RST 
5.5-7.5 will provide current Interrupt Enable status, 
revealing that Interrupts are disabled. See the descrip- 
tion of the RIM instruction in Chapter 4. 

The serial I/O system is also controlled by the RIM and 
SIM instructions. SID is read by RIM, and SIM sets the 
SOD data. 
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BASIC SYSTEM TIMING 

The M8085A has a multiplexed Data Bus. ALE is used as a 
strobe to sample the lower 8-bits of address on the Data 
Bus. Figure 4 shows an instruction fetch, memory read 
and I/O write cycle (as would occur during processing of 
the OUT instruction). Note that during the I/O write and 
read cycle that the I/O port address is copied on both the 
upper and lower half of the address. 

There are seven possible types of machine cycles. Which 
of these seven takes place is defined by the status of the 
three status lines (lO/ M, Si , So) and the three control 
signals (RD, WR, and INTA). (See Table 2.) The status 
lines can be used as advanced controls (for device selec- 
tion, for example), since they become active at the Ti 
state, at the outset of each machine cycle. Control lines 
RD and WR become active later, at the time when the 
transfer of data is to take place, so are used as command 
lines. 

A machine cycle normally consists of three T states, with 
the exception of OPCODE FETCH, which normally has 
either four or six T states ( unless WAIT or HOLD states 
are forced by the receipt of READY or HOLD inputs). Any 
T state must be one of ten possible states, shown in 
Table 3. 



TABLE 2. M8085A MACHfNE CYCLECl^ART 



MACHINE CYCLE 


STATUS ,. 


CONTROt , »J 


lO/M 


SI 


SO 


W 


WR 


w^: 


OPCODE FETCH 


(OF) 





1 







1 ' 


1 ' 


MEMORY READ 


(MR) 





1 








1 


1 . 


MEMORY WRITE 


(MW) 










1 





t 


I/OREAD 


(lOR) 


1 


1 








1 


1 


I/O WRITE 


(lOW) 


1 







1 





1 


ACKNOWLEDGE 
















OF INTR 


(INA) 


1 


1 




1 


1 





BUS IDLE 


(Bl): DAD 

ACK.OF 
RSTJRAP 




1 


1 

1 





1 
1 


1 
1 


1 
1 




HALT 


TS 








TS 


TS 


1 



TABLE 3. M8085A MACHINE STATE CHART 





Status & Buses 


Control 1 


Machine 
State 


SI, SO 


lo/ivi 


A8-Ai5 


AD0-AD7 


RD,WR 


INTA 


ALE 


Ti 


X 


X 


X 


X 


1 


1 


1* 


T2 


X 


X 


X 


X 


X 


X 





TWAIT 


X 


X 


X 


X 


X 


X 





T3 


X 


X 


X 


X 


X 


X 





T4 


1 


0* 


X 


TS 


1 







T5 


1 


Ot 


X 


TS 


1 







Te 


1 


Qt 


X 


TS 


1 







Tr eset 


X 


TS 


TS 


TS 


TS 




° 


Thalt 





TS 


TS 


TS 


TS 


1 


Thold 


X 


TS 


TS 


TS 


TS 


1 , 



= Logic "0" 

1 = Logic "1" 



TS = High Impedance 
X = Unspecified 



* ALE not generated during 2nd and 3rd machine cycles of DAD instruction 
t lO/M = 1 during T4-T5 of INA machine cycle. 
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Figure 4. M8085A Basic System Timing 
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TABLE 4. ABSOLUTE MAXIMUM RATINGS* 



., ""''^#4^ 



Ambient Temperature Under Bias — 55°C to +125°C 

Storage Temperature -65°C to +150°C 

Voltage on Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1.5 Watt 



'COMMENT 

Stresses above those listed under "Absolute Maximum Ratmgs" matycau^e 
permanent damage to the device. This is a stress rating only and functiO!>al 
operation of the device at these or any other conditions above those 
indicated in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods 
may affect device reliability. 



TABLE 4. D.C. CHARACTERISTICS 

(Ta = -55°C to +125°C; Vcc = 5V ±10%; Vss = OV; unless otherwise specified) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


V|L 


Input Low Voltage 


-0.5 


+0.8 


V 




V,H 


Input High Voltage 


2.2 


Vcc+0.5 


V 




Vol 


Output Low Voltage 




0.45 


V 


loL = 1.6mA 


Vqh 


Output High Voltage 


2.4 




V 


loH = -400/iA 


icc 


Power Supply Current 




200 


mA 




l|L 


Input Leakage 




±10 


MA 


Vin=Vcc 


Ilo 


Output Leakage 




±10 


ma 


0.45V < Vout < Vcc 


V|LR 


Input Low Level, RESET 


-0.5 


+0.8 


V 




V|HR 


Input High Level, RESET 


2.4 


Vcc +0.5 


V 




Vhy 


Hysteresis, RESET 


0.25 




V 
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TABLE 5. A.C. CHARACTERISTICS 

Ta = '55° C to +125°C, Vcc = 5V ±10%; Vss = OV 



Symbol 


Parameter 


M8085A(2] 


Units 




Min. 


Max. 




tCYC 


CLK Cycle Period 


320 


2000 


ns 


tl 


CLK Low Time 


80 




ns 


t2 


CLK High Time 


120 




ns 


tr.tf 


CLK Rise and Fall Time 




30 


ns 


tXKR 


Xi Rising to CLK Rising 


30 


120 


ns 


tXKF 


Xi Rising to CLK Falling 


30 


150 


ns 


tAC 


A8-15 Valid to Leading Edge of Control^^^ 


270 




ns 


tACL 


Ao-7 Valid to Leading Edge of Control 


240 




ns 


tAD 


Ao-15 Valid to Valid Data In 




575 


ns 


tAFR 


Address Float After Leading Edge of 
READ (INTA) 







ns 


tAL 


A8-16 Valid Before Trailing Edge of ALE'^^ 


115 




ns 


tALL 


Ao-7 Valid Before Trailing Edge of ALE 


90 




ns 


tARY 


READY Valid from Address Valid 




220 


ns 


tCA 

tec 


Address (Aa-Ais) Valid After Control 

Width of Control Low (RD, WR, INTA) 
Edge of ALE 


120 
400 




ns 
ns 


tCL 


Trailing Edge of Control to Leading Edge of 
ALE 


50 
420 




ns 


tow 


Data Valid to Trailing Edge of WRITE 


ns 


tHABE 


HLDA to Bus Enable 




210 


ns 


tHABF 


Bus Float After HLDA 




210 


ns 


tHACK 


HLDA Valid to TRailing Edge of CLK 


110 




ns 


tHDH 


HOLD Hold Time 







ns 


tHDS 


HOLD Setup Time to Trailing Edge of CLK 


170 




ns 


tiNH 


INTR Hold Time 







ns 


tiNS 


INTR, RST, and TRAP Setup Time to 
Falling Edge of CLK 


160 




ns 


tLA 


Address Hold Time After ALE 


100 




ns 


tLC 


Trailing Edge of ALE to Leading Edge 
of Control 


130 




ns 


tLCK 


ALE Low During CLK High 


100 




ns 


tLDR 


ALE to Valid Data During Read 




460 


ns 


tLDW 


ALE to Valid Data During Write 




200 


ns 


tLL 


ALE Width 


140 




ns 


tLRY 


ALE to READY Stable 




110 


ns 
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TABLE 5. A.C. CHARACTERISTICS (Cont.) 



Symbol 


Parameter 


M8085A^^1 


Units 




Min. 


Max. 




tRAE 


Trailing Edge of READ to Re-Enabling 
of Address 


150 

400 





110 

100 


300 
40 


ns 


tRD 
tRV 


READ (or INTA) to Valid Data 

Control Trailing Edge to Leading Edge 
of Next Control 


ns 
ns 


tRDH 
tRYH 
tRYS 


Data Hold Time After READ INTA ''' 

READY Hold Time 

READY Setup Time to Leading Edge 
of CLK 


ns 
ns 
ns 


tWD 
tWDL 


Data Valid After Trailing Edge of WRITE 
LEADING Edge of WRITE to Data Valid 


ns 
ns 



^^ - '•«e,#l;''4v; ^,,,,, 



Notes: _ _ 

1. A8-A15 address Specs apply to lO/M, So, and Si except A8-A15 are undefined during T4-T6 of OF cycle whereas lO/M, So, and 

Si are stable. 
2- Test conditions : tcvc = 320ns; Cl = 150pF. 

3. For all output timing where Cl = 150pF use the following correction factors: 
25pF < Cl < 150pF: -0.10 ns/pF 

150pF < Cl < 300pF: +0.30 ns/pF 

4. Output timings are measured with purely capacitive load. 

5. All timings are measured at output voltage Vl = 0.8V, Vh = 2.0V, and 1.5V with 20ns rise and fall time on inputs. 

6. To calculate timing specifications at other values of tcvc use Table 6. 

7. Data hold time is guaranteed under all loading conditions. 
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TABLE 6. BUS TIMING SPECIFICATION AS A Tcyc DEPENDENT 
M8085A 



^AL 


(1/2)7-45 




MIN 


^LA 


(1/2) T- 60 




MIN 


^LL 


(1/2) T- 20 




MIN 


^LCK 


(1/2)7-60 




MIN 


^LC 


(1/2)7-30 




MIN 


^AD 


(5/2 + N)7- 


225 


MAX 


*RD 


(3/2 + N) 7- 


180 


MAX 


^RAE 


(1/2)7-10 




MIN 


^CA 


(1/2)7-40 




MIN 


^DW 


(3/2 + N) 7- 


60 


MIN 


^WD 


- (1/2)7-60 




MIN 


^CC 


(3/2 + N) 7 - 


80 


MIN 


^CL 


(1/2)7-110 




MIN 


^ARY 


(3/2) 7 - 260 




MAX 


^HACK 


(1/2)7-50 




MIN 


^HABF 


(1/2)7 + 50 




MAX 


^HABE 


(1/2)7 + 50 




MAX 


^AC 


(2/2)7-50 




MIN 


^1 


(1/2)7-80 




MIN 


^2 


(1/2)7-40 




MIN 


^RV 


(3/2) 7-80 




MIN 


^LDR 


(4/2)7-180 




MAX 



NOTE: N is equal to the total WAIT states. 
7 = tcYC- 



^> I — \ 



CLK 
OUTPUT 



't- 



7 V_7 V__A 



A I 



Figure 5. Clock Timing Waveform 
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Read Operation 
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Write Operation 
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Read operation with Wait Cycle (Typical) — same READY timing applies to WRITE operation. 
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Figure 6. M8085A Bus Timing, With and Without Wait 
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Hold Operation 
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Figure 7. M8085A Hold Timing 
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♦lO/M IS ALSO FLOATING DURING THIS TIME. 



Figure 8. I\/I8085A Interrupt and Hold Timing 
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TABLE 7. INSTRUCTION SET SUMMARY 



Description 



Instruction Codepi Clocl(|2l 

D7 De D5 D4 D3 02 D> Do Cycles 



MOVE. LOAD. 

MOVn r2 
MOV Mr 
MOVrM 
MVI r 
MVI M 
LXIB 

LXI D 

LXI H 

LXI SP 

STAXB 
STAX 
LDAX B 
LDAX D 
STA 
LOA 
SHLD 
LHLD 
XCHG 

STACK OPS 

PUSH B 

PUSH D 

PUSH H 

PUSH PSW 

POPB 

POPD 

POPH 

POP PSW 

XTHL 

SPHL 
JUMP 

JMP 

JNC 

JZ 

JNZ 

JP 

JM 

JPE 

JPO 

PCHL 

CALL 

CALL 

CC 

CNC 

CZ 

CNZ 

CP 

CM 



AND STORE 

Move registei to register 

Move register to memory 

Move memory to register 

Move immediate register 

Move immediate memory 

Load immediate register 

Pair B & C 

Load immediate register 

Pair D & E 

Load immediate register 

Pair H & L 

Load immediate stack 

pointer 

Store A indirect 

Store A indirect 

Load A indirect 

Load A indirect 

Store A direct 

Load A direct 

Store H & L direct 

Load H & L direct 

Exchange D & E H & L 

Registers 

Push register Pair B & 

C on stack 

Push register Pair & 

E on stack 

Push register Pair H & 

L on stack 

Push A and Flags 

on stack 

Pop register Pair B & 

C off stack 

Pop register Pair D & 

E off stack 

Pop register Pair H & 

L off stack 

Pop A and Flags 

off stack 

Exchange top of 

stack H & L 

H & L to stack pointer 

Jump unconditional 



Jump on no carry 
Jump on zero 
Jump on no zero 
Jump on positive 
Jump on minus 
Jump on parity even 
Jump on parity odd 
H & L to program 
counter 

Call unconditional 
Call on carry 
Call on no carry 
Call on zero 
Call on no zero 
Call on positive 
Call on minus 



1 D D D S 
01110s 
1 D D D 1 
D D D 1 
110 1 



S S 

S S 

1 

1 

1 



1 



110 1 












1 





1 





1 










1 





1 




1 




1 

1 




1 
1 










1 









1 









1 



10 

10 10 

10 10 

110 10 



10 

10 

110 

10 1 

1110 



r» 1 1 n 

10 
10 



1 

1 1 

1 





10 1 10 
10 1 10 



10 

7 
7 
7 
7 

13 
13 
16 
16 



12 
12 
12 
12 
10 
10 
10 
10 
16 
6 

1 10 

n 7/in 

7/10 

7/10 

7/10 

7/10 

7/10 

7/10 

7/10 



10 1 



110 1 18 

1 1 1 9/18 

10 10 9/18 

1 10 9/18 

10 9/18 

110 10 9/18 

11110 9/18 



Mnemonic 



Description 



CPE 

CPO 

RETURN 

RET 

RC 

RNC 

RZ 

RNZ 

RP 

RM 

RPE 

RPO 

RESTART 

RST Restart 

INPUT/OUTPUT 

IN Input 

OUT Output 

INCREMENT AND DECREMENT 



Call on parity even 
Call on parity odd 

Return 

Return on carry 
Return on no carry 
Return on zero 
Return on no zero 
Return on positive 
Return on minus 
Return on parity even 
Return on parity odd 



INRr 
OCR r 
INR M 
OCR M 
INX B 

INX 

INX H 

INX SP 
DCXB 
DCXD 
OCX H 
DCXSP 

ADD 

ADD r 
AOCr 

ADD M 
ADC M 

AD! 
ACl 

DADB 

DAD H 
OADSP 

SUBTRACT 

SUBr 

SBBr 
SUB M 
SBBM 
SUI 
SBI 

LOGICAL 

ANA t 



Increment register 
Decrement register 
Increment memory 
Decrement memory 
Increment B & C 
registers 
Increment D & E 
registers 
Increment H & L 
registers 

Increment stack pointer 
Decrement B & C 
Decrement D & E 
Decrement H & L 
Decrement stack 
pointer 

Add register to A 

Add register to A 

with carry 

Add memory to A 

Add memory to A 

with carry 

Add immediate to A 

Add immediate to A 

with carry 

Add B & C to H & L 

AHW n « C tn M «, I 

Add H & L to H & L 
Add stack pointer to 
H& L 

Subtract register 

from A 

Subtract register from 

A with borrow 

Subtract memory 

from A 

Subtract memory from 

A with borrow 

Subtract immediate 

from A 

Subtract immediate 

from A with borrow 

And register with A 



Instruction Cotfet>| : tl(»tKl?|> 
De D5 D4 D3 % Oi (Da C^^t ;' 



1 1 
1 








9/18, 
9/J8' 



10 1 10 

1 10 6/12 

10 6/12 

10 6/12 

6/12 

1 10 6/12 
1110 6/12 
10 10 6/12 
10 6/12 

A A A 1 1 1 12 

110 11 10 

10 11 10 



D D D 1 4 

D D D 1 1 4 

110 10 10 

110 10 1 10 

11 6 

10 11 6 

10 11 6 

110 11 6 

10 11 6 

110 11 6 

10 10 11 6 

1110 11 6 



s s s 
1 S S S 



110 7 
1110 7 



10 110 7 
10 1110 7 



10 1 



n n n 
1 
1 











1 
1 



10 



10 1 10 
10 1 10 
10 1 10 



S S S 4 

1 S S S 4 
110 7 
1110 7 
110 7 
1110 7 

S S S 4 
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TABLE 7. INSTRUCTION SUMMARY (Cont.) 



Description 



Instruction Code|l| Clocl(|2] 

Dy De D5 D4 D3 D2 D] Dp Cycles 



XRA r 


Exclusive Or register 
with A 


1 


1 


1 


s 


s 


s 


4 


ORAr 


Or register withi A 


1 







s 


s 


s 


4 


CMPr 


Compare register with A 


1 




1 


s 


s 


s 


4 


ANA M 


And memory with A 


1 














7 


XRA M 


Exclusive Or memory 
with A 


1 




1 









7 


ORAM 


Or memory with A 


1 














7 


CMP M 


Compare memory with A 


1 




1 









7 


AN! 


And immediate with A 


1 1 


1 












7 


XRI 


Exclusive Or immediate 
with A 


1 1 


1 


1 









7 


ORI 


Or immediate with A 


1 1 














7 


CPI 


Compare immediate 
with A 


1 1 




1 









7 


ROTATE 


















RLC 


Rotate A lett 















1 


4 


RRC 


Rotate A right 








1 






1 


4 



Description 



Instrucfisn Codftf ij Ct^ckg} 

D7 De D5 D4 D3 % gf ,Po Gystes 



RAL 


Rotate A left through 
carry 











1 





1 


1 


1 


4. 


RAR 


Rotate A fight through 
catry 











1 


1 


1 


1 


1 


4 


SPECIALS 






















CMA 


Complement A 








1 





1 


1 


1 


1 


4 


STC 


Set carry 








1 


1 





1 


1 


1 


4 


CMC 


Complement cany 








1 


1 


1 


1 


1 


1 


4 


DAA 


Decimal adjust A 








1 








1 


1 


1 


4 


CONTROL 






















El 


Enable Interrupts 


1 


1 


1 


1 


1 





1 


1 


4 


Dl 


Disable Interrupt 


1 


1 


1 


1 








1 


1 


4 


NOP 


No-operation 


























4 


HLT 


Halt • 





1 


1 


1 





1 


1 





5 


NEW M8085A INSTRUCTIONS 




















RIM 


Read Interrupt Mask 








1 

















4 


SIM 


Set Interrupt Mask 








1 


1 














4 



NOTES 1 ODD or SSS B 000. C 001. D 010. E Oil. H 100 L 101 Memory 110 A 111 

2 Two possible cycle times. (6/12) indicate instruction cycles dependent on condition flags 

'All mnemonics copyright ©Intel Corporation 1977 
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M8155 
2048 BIT STATIC MOS RAM WITH I/O PORTS AND TIMER 



Military Temperature Range Operation 
(-55°CTO +125°C) 

256 Word x 8 Bits 

Single +5V Power Supply 

Completely Static Operation 

Internal Address Latch 



2 Programmable 8 Bit I/O Ports 

1 Programmable 6-Bit I/O Port 

Programmable 14-Bit Binary Counter/ 
Timer 

Multiplexed Address and Data Bus 

40 Pin DIP 



The M8155 is a RAM and I/O chip to be used in the MCS-85^"* microcomputer system. The RAIVI portion is designed with 
2048 static cells organized as 256 x 8. It has a maximum access time of 400 ns to permit use with no wait states in the 8085A 
CPU. 

The I/O portion consists of three general purpose I/O ports. One of the three ports can be programmed to be status pins, 
thus allowing the other two ports to operate in handshake mode. 

A 14-bit programmable counter/timer is also included on chip to provide either a square wave or terminal count pulse for 
the CPU system depending on timer mode. 



PIN CONFIGURATION 



PC3 


C 


1 ^ 


^ 40 


3 Vcc 


PC4 


c 


2 


39 


3 PC2 


TIMER IN 


c: 


3 


38 


IPC, 


RESET 


c 


4 


37 


1 PCq 


PC5 




5 
6 


36 
35 


DPB7 


TIMER OUT 


J P«6 


lO/M 


c 


7 


34 


DPB5 


CE 


E 


8 


33 


DPB4 


RD 


c 


9 


32 


3 PB3 


ALE 


r 

c 


no 

mo too 

11 30 


h PR„ 
hPB, 


ADo 


1: 


12 


29 


13 pBq 


AD, 


c 


13 


28 


J PA7 


AD2 


c 


14 


27 


DPAe 


AD3 


c 


15 


26 


DPA5 


AD, 


c 


16 


25 


DPA4 


AD5 


c 


17 


24 


DPA3 


ADe 


c 


18 


23 


3 PA, 


AD, 


c 


19 


22 


DPA, 


Vss 


1: 


20 


21 


DpAo 



CE- 

ALE- 

RD- 

WR- 

RESET- 



BLOCK DIAGRAM 



-<;=> 



256X8 
STATIC 
RAM 



TIMER CLK- 



^PORTAK 
^LPORTBk 



' ^rr (+! 



(+5V) 
V,-,, (OV) 
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M8155 PIN FUNCTIONS 



S ymbol 

RESET 
(input) 



ADo-7 
(input) 



CE 
(input) 

RD 

(input) 



WR 

(input) 



Function 

Pulse provided by the 8085A to ini- 
tialize the system (connect to 8085A 
RESET OUT). Input high on this line 
resets the chip and initializes the 
three I/O ports to input mode. The 
width of RESETpulseshouldtypically 
be two 8085A clock cycle times. 

3-state Address/Data lines that inter- 
face with the CPU lower 8-bit Ad- 
dress/Data Bus. The 8-bit address is 
latched into the address latch inside 
the M8155 on the falling edge of ALE. 
The address can be either for the 
memory section or tlie I/O section 
depending on the lO/M input. The 8- 
bit data is either written into the chip 
or read from the chip, depending on 
the WR or RD input signal. 

Chip Enable: On the M81 55, this pin is 
CE and is ACTIVE LOW. 

Read control: Input low on this line 
with the Chip Enable active enables 
and ADo-7 buffers. If lO/M pin is low, 
the RAM content will be read out to 
the AD bus. Otherwise the content 
of the selected I/O port or command/ 
status registers will be read to the 
AD bus. 

Write control: Input low on this line 
with the Chip Enable active causes 
the data on the Address/Data bus to 
be written to the RAM or I/O ports and 
command/status register depending 
on lO/M. 



S ymbol 

ALE 
(input) 



lO/M 
(input) 

PAo-7(8) 
(input/output) 



PBo-7(8) 
(input/output) 



PCo-5(6) 
(input/output) 



TIMER IN 
(input) 

TIMER OUT 
(output) 

Vcc 
Vss 



Function ^^■ ,.'' ^v^, '%*|# ^^ 

Add ress Latch Enable:' ThJ s;;"Qon tf*&| ^^,; 
signal latches both the add ress ofiflti^'' 
ADo-7 lines andj^he state of the bt>ip ' 
Enable and lO/M into the chip at the 
falling edge of ALE. 

Selects memory if low and I/O and 
command/status registers if high. 

These 8 pins are general purpose I/O 
pins. The in/out direction is selected 
by programming the command 
register. 

These 8 pins are general purpose I/O 
pins. The in/out direction is selected 
by programming the command 
register. 

These 6 pins can function as either 
input port, output port, or as control 
signals for PA and PB. Programming 
is done through the command reg- 
ister. When PCo-5 are used as control 
signals, they will provide the fol- 
lowing: 

PCo — A INTR (Port A Interrupt) 
PCi — ABF (P ort A Buffer Full) 
PC2 — A STB (Port A Strobe) 
PCs — B INT R (Port B Interrupt) 
PC4 — B BF (Port B Buffer Full) 
PCs — B STB (Port B Strobe) 

Input to the counter-timer. 

Timer output. This output can be 
either a square wave or a pulse de- 
pending on the timer mode. 

+5 volt supply. 

Ground Reference. 



DESCRIPTION 

The M8155 contains the following: 

• 2k Bit Static RAM organized as 256 x 8 

• Two 8-bit I/O ports ( PA & PB ) and one 6-bit I/O port ( PC i 

• 14-bit timer-counter 

The lO/M (lO/Memory Select) pin selects either the five 
registers (Command, Status, PAo-7, PBo-7, PCo-5) or 
the memory (RAM) portion. (See Figure 1.) 

The 8-bit address on the Address/Data lines, Chip Enable 
input CE or CE, and lO/M are all latched on-chip at the 
falling edge of ALE. 



7V 



)Z. 



L. 



7v 



iz. 



8 BIT INTERNAL DATA BUS ) 

'TS TV 



TV 



TV 



IZ 



TIMER 
MSB 



^ 



TIMER 
LSB 



TIMER 
MODE 



.J 



V \/ o 

Figure 1. M8155 Internal Registers 
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PROGRAMMING OF THE 
COMMAND REGISTER 

The command register consists of eight latches. Four 
bits (0-3) define the mode of the ports, two bits (4-5) 
enable or disable the interrupt from port C when it acts 
as control port, and the last two bits (6-7) are for the timer. 

The command register contents can be altered at any 
time by using the I/O address XXXXXOOO during a WRITE 
operation with the Chip Enable active and 10/^ = 1. The 
meaning of each bit of the command byte is defined in 
Figure 2. The contents of the command register may never 
be read. 



READING THE STATUS |rEOfil|f|, 

The status register consists of seven latcheis; Qne1af4^|&ti 
bit; six (0-5) for the status of the ports and orj;^ (6j for%«^| 
status of the timer. 

The status of the timer and the I/O section can be polled 
by reading the Status Register (Address XXXXXOOO). 
Status word format is shown In Figure 3. Note that you 
may never write to the status register since the command 
register shares the same I/O address and the command 
register is selected when a write to that address is issued. 



iTIVIa TMi lEB lEA PC2 PCi PB PA I 



"TIMER COMMAND- 



-^ DEFINES PAo.7 
-*■ DEFINES PBo.7 



DEFINES PCo-5 



. ENABLE PORT A 
INTERRUPT 

ENABLE PORT B 
INTERRUPT 



= INPUT 
= OUTPUT 



00 = ALT 1 
11 = ALT 2 

01 = ALT 3 
10 = ALT 4 



1 = ENABLE 
= DISABLE 



00 = NOP - DO NOT AFFECT COUNTER 

OPERATION 

01 = STOP - NOP IF TIMER HAS NOT STARTED; 

STOP COUNTING IF THE TIMER IS 
RUNNING 

10 = STOP AFTER TC - STOP IMMEDIATELY 

AFTER PRESENT TC IS REACHED (NOP 
IF TIMER HAS NOT STARTED) 

11 = START - LOAD MODE AND CNT LENGTH 

AND START IMMEDIATELY AFTER 
LOADING (IF TIMER IS NOT PRESENTLY 
RUNNING). IF TIMER IS RUNNING, START 
THE NEW MODE AND CNT LENGTH 
IMMEDIATELY AFTER PRESENT TC 
IS REACHED. 



AD7 ADe AD5 AD4 AD3 AD2 ADi ADo 



KE 



n 



PORT A INTERRUPT REQUEST 



-*► PORT A BUFFER FULL/EMPTY 
(INPUT/OUTPUT) 



PORT A INTERRUPT ENABLE 



-*■ PORT B INTERRUPT REQUEST 



PORT B BUFFER FULL/EMPTY 
(INPUT/OUTPUT) 



-*- PORT B INTERRUPT ENABLED 



TIMER INTERRUPT (THIS BIT , 
IS LATCHED HIGH WHEN ' 

TERMINAL COUNT IS 
REACHED, AND IS RESET TO 
LOW UPON READING OF THE 
C/S REGISTER AND BY 
HARDWARE RESET). 



Figure 2. Comman<l Register Bit Assignment 



Figure 3. Status Register Bit Assignment 
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INPUT/OUTPUT SECTION 

The I/O section of the M8155 consists of five registers: 
(See Figure 4.) 

• Command/Status Register (C/S) — Both registers are 
assigned the address XXXXXOOO. The C/S address 
serves the dual purpose. 

When the C/S registers are selected during WRITE 
operation, a command is written into the command 
register. The contents of this register are nof accessible 
through the pins. 

When the C/S (XXXXXOOO) is selected during a READ 
operation, the status information of the I/O ports and 
the timer becomes available on the AD0-7 lines. 

• PA Register — This register can be programmed to be 
either input or output ports depending on the status of 
the contents of the C/S Register. Also depending on 
the command, this port can operate in either the basic 
mode or the strobed mode (See timing diagram). The 
I/O pins assigned in relation to this register are PA0-7. 
The address of this register is XXXXX001. 

• PB Register — This register functions the same as PA 
Register. The I/O pins assigned are PB0-7. The address 
of this register is XXXXX010. 

• PC Register— This register has the address XXXXX01 1 
and contains only 6 bits. The 6 bits can be program- 
med to be either input ports, output ports or as control 
signals for PA and PB by properly programming the 
AD2 and AD3 bits of the C/S register. 

When PCo-5 is used as a control port, 3 bits are 
assigned for Port A and 3 for Port B. The first bit is an 
interrupt that the M8155 sends out. The second is an 
output signal indicating whether the buffer is full or 
empty, and the third is an input pin to accept a strobe 
for the strobed input mode. (See Table 1.) 

When the 'C port is programmed to either ALTS or ALT4, 
the control signals for PA and PB are initialized as follows: 



CONTROL 


INPUT l\^ODE 


OUTPUT MODE 


BF 
INTR 
STB 


Low 

Low 

Input Control 


Low 

High 

Input Control 



I/O ADDRESSt 


SELECTION 


A7 


A6 


A5 


A4 


A3 


A2 


A1 


AO 


X 
X 

X 
X 
X 


X 
X 
X 
X 
X 
X 


X 
X 
X 
X 
X 
X 


X 
X 
X 
X 
X 
X 


X 
X 
X 
X 
X 
X 







1 
1 





1 
1 







1 



1 



1 


Interval Command/Status Register 

General Purpose I/O Port A 

General Purpose I/O Port B 

Port C — General Purpose I/O or Control 

Low-Order 8 bits of Timer Count 

High 6 bits of Timer Count and 2 bits 

of Timer Mode 



X: Don't Care. _ 

f: I/O Address must be qualified by CE = (M8155) and lO/M = 1 in orderto select the 
appropriate register. 



Figure 4. I/O Port and Timer Addressing Scheme 



Figure 5 shows how I/O PORTS A and B are structured 
within the M8155: 



M8155 
ONE BIT OF PORT A OR PORT B 




NOTES: 

(1) OUTPUT IVIODE 

(2) SIMPLE INPUT 

(3) STROBED INPUT 



} 



MULTIPLEXER 
CONTROL 



= 1 FOR OUTPUT MODE 
= FOR INPUT MODE 



READ PORT =(IO/Mjl)« (RJDjO) • (CE ACTIVE) • (PORT ADDRESS SELECTED) 
WRITE PORT =(I0/M=1)« (WR=0) • (CE ACTIVE) • (PORT ADDRESS SELECTED) 



Figure 5. MSI 55 Port Functions 
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TABLE 1. TABLE OF PORT CONTROL ASSIGNMENT. 






Pin 


ALT1 


ALT 2 


ALT 3 


ALT 4 


^^ 


PCO 


Input Port 


Output Port 


A INTR (Port A Interrupt) 


A INTR (Port A Interrupt)' , 


'./- 


PC1 


Input Port 


Output Port 


A BF (Port A Buffer Full) 


A BF (Port A Buffer Full) 




PC2 


Input Port 


Output Port 


A STB (Port A Strobe) 


A STB (Port A Strobe) 




PCS 


Input Port 


Output Port 


Output Port 


B INTR (Port B Interrupt) 




PC4 


Input Port 


Output Port 


Output Port 


B BF (Port B Buffer Full) 




PCS 


Input Port 


Output Port 


Output Port 


B STB (Port B Strobe) 








Note in the diagram that when the I/O ports are pro- 
grammed to be output ports, the contents of the output 
ports can still be read by a READ operation when appro- 
priately addressed. 

The outputs of the M8155 are "glitch-free" meaning that 
you can write a "1" to a bit position that was previously"!" 
and the level at the output pin will not change. 

Note also that the output latch is cleared when the port 
enters the input mode. The output latch cannot be loaded 
by writing to the port if the port is in the input mode. The 
result is that each time a port mode is changed from input 
to output, the output pins will go low. When the M8155 is 
RESET, the output latches are all cleared and all 3 ports 
enter the input mode. 

When in the ALT 1 or ALT 2 modes, the bits of PORT C 
are structured like the diagram above in the simple input 
or output mode, respectively. 

Reading from an input port with nothing connected to the 
pins w^ll provide unpredictable results. 

Figure 6 shows how the M8155 I/O ports might be 
configured in a typical MCS-85 system. 



M8155 
PORTC 



O^ 



TO 8085 RST INPUT 



A INTR (SIGNALS DATA RECEIVED) 



A BF (SIGNALS DATA READY) 



A STB (ACKNOWL. DATA RECEIVED) 



B STB (LOADS PORT B LATCH) 



B BF (SIGNALS BUFFER IS FULL) 



B INTR (SIGNALS BUFFER 



READY FOR READING) 



TO/FROM 

-PERIPHERAL 

INTERFACE 



TO 8085 INPUT PORT (OPTIONAL) 
TO 8085 RST INPUT 



Figure 6. Example: Command Register = 00111001 
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TIMER SECTION 

The timer is a 14-bit down-counter that counts the TIMER 
IN pulses and provides either a square wave or pulse 
when ternriinal count (TC) is reached. 

The timer has the I/O address XXXXXIOOfor the loworder 
byte of the register and the I/O address XXXXX101 for 
the high order byte of the register. (See Figure 4). 

To program the timer, the COUNT LENGTH REG is 
loaded first, one byte at a time, by selecting the timer 
addresses. Bits 0-13 of the high order count register will 
specify the length of the next count and bits 14-15 of the 
high order register will specify the timer output mode 
(see Figure 7). The value loaded into the count length 
register can have any value from 2H through 3FFH in 
Bits 0-13. 





7 6 5 4 3 2 1 









M2 


Ml 


Tl3 


Tl2 


Til 


TiO 


Tg 


T8 




1 


11 






riMER MODE MSB OF CNT LENGTH 
7 6 5 4 3 2 1 







T? 


Te 


T5 


T4 


T3 


T2 


T-, 


To 










J 


LSB OF CNT LENGTH 





Figure 7. Timer Format 

There are four modes to choose from: M2 and M1 define 
the timer mode, as shown in Figure 9. 















TIMER OUT WAVEFORMS: 




MODE 




START 


TERMINAL 


/terminalN 


BITS 




COUNT 


COUNT 


V COUNT ; 


M2 Ml 


1 


SINGLE 


. I 


^ i ^ 





1 / 




2 


SQUARE WAVE 
CONTINUOUS 


1 / \ 




1 


/ L. 


3 


SQUARE WAVE 




1 


PULSE ON 


u 








TERMINAL COUNT 








4 








1 1 


PULSES 


u 


u 



Figure 8. Timer l\/iodes 

Bits 6-7 (TM2 and TMi) of command register contents 
are used to start and stop the counter. There are four 
commands to choose from: 



TM2 TMi 



NOP — Do not affect counter operation. 

STOP — NOP if timer has not started; 
stop counting if the timer is running. 

STOP AFTER TC ~ Stop immediately 
after present TC is reached ( NOP if timer 
has not started) 

START — Load mode and CNT length 
and start immediately after loading (if 
timer is not presently running). If timer 
is running, start the new mode and CNT 
length immediately after present TC is 
reached. 



Note that while the counter is counting, you riiay fcad a 
new count and mode into the count length registers'. :; 
Before the new count and mode will be used by the 
counter, you must issue a START command to the 
counter. This applies even though you may only want to 
change the count and use the previous mode. 

In case of an odd-numbered count, the first half-cycle 
of the squarewave output, which is high, is one count 
longer than the second (low) half-cycle, as shown in 
Figure 9. 



i_r 



NOTE: 5 AND 4 REFER TO THE NUMBER OF CLOCKS IN THAT TIME PERIOD 

Figure 9. Asymmetrical Square-Wave Output Resulting 
from Count of 9 

The counter in the M8155 is not initialized to any particular 
mode or count when hardware RESET occurs, but RESET 
does stop the counting. Therefore, counting cannot begin 
following RESET until a START command is issued via 
the C/S register. 

Please note that the timer circuit on the M8155 chip is 
designed to be a square-wave timer, not an event counter. 
To achieve this, it counts down by twos twice in 
completing one cycle. Thus, its registers do not contain 
values directly representing the number of TIMER IN 
pulses received. You cannot load an initial value of 1 into 
the count register and cause the timer to operate, as its 
terminal count value is 10 (binary) or 2 (decimal). (For the 
detection of single pulses, it is suggested that one of the 
hardware interrupt pins on the 8085A be used.) After the 
timer has started counting down, the values residing in the 
count registers can be used to calculate the actual number 
of TIMER IN pulses required to complete the timer cycle if 
desired. To obtain the remaining count, perform the 
following operations in order: 

1. Stop the count 

2. Read in the 16-bit value from the count length registers 

3. Reset the upper two mode bits 

4. Reset the carry and rotate right one position all 16 bits 
through carry 

5. If carry is set, add 1/2 of the full original count (1/2 full 
count — 1 if full count is odd). 

Note: If you started with an odd count and you read the 
count length register before the third count pulse occurs, 
you will not be able to discern whether one or two counts 
has occurred. Regardless of this, the M81 55 always counts 
out t he right number of pulses in generating the TIMER 
OUT waveforms. 
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ABSOLUTE MAXIMUM RATINGS' 



Temperature Under Bias -55° C to +125° C 

Storage Temperature -65°Cto+150°C 

Voltage on Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1.5W 



*COMMENT: Stresses above thos&iisiM'pn&'^]M^^^lute 
Maximum Ratings" may cause perman^ni'''(^&ma0\fyf^ 
device. This is a stress rating only and fuhtti^rraj ppS^^^ y 
tion of the device at these or any other conditidhskbQve '«l'\\ 
those indicated in the operational sections of this spedffi- " 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (Ta = -55°c to +125°C; Vcc = 5V ±io%) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


TEST CONDITIONS 


V|L 


Input Low Voltage 


-0.5 


0.8 


V 




V|H 


Input High Voltage 


2.0 


Vcc+0.5 


V 




Vol 


Output Low Voltage 




0.45 


V 


l0L= 1.6mA 


VOH 


Output High Voltage 


2.4 




V 


lOH = -400iLiA 


i|L 


Input Leakage 




±10 


ma 


V|N = Vcc to OV 


«L0 


Output Leakage Current 




±10 


ma 


0.45V < VouT < Vcc 


ice 


Vcc Supply Current 




180 


mA 




I|l(CE) 


Chip Enable Leakage 
M8155 




+100 


mA 


V|N = Vcc to OV 
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M8155 



A.C. CHARACTERISTICS (Ta = -55°c to +125°C: 


Vcc = 5V±10%) 






M8155 




SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


tAL 


Address to Latch Set Up Time 


50 




ns 


tLA 


Address Hold Time after Latch 


80 




ns 


tLC 


Latch to READ/WRITE Control 


100 




ns 


tRD 


Valid Data Out Delay from READ Control 




170 


ns 


Ud 


Address Stable to Data Out Valid 




400 


ns 


tLL 


Latch Enable Width 


100 




ns 


tRDF 


Data Bus Float After READ 





100 


ns 


tCL 


READ/WRITE Control to Latch Enable 


20 




ns 


tec 


READ/WRITE Control Width 


250 




ns 


tow 


Data In to WRITE Set Up Time 


150 




ns 


tWD 


Data In Hold Time After WRITE 







ns 


tRV 


Recovery Time Between Controls 


300 




ns 


twp 


WRITE to Port Output 




400 


ns 


tpR 


Port Input Setup Time 


70 




ns 


tRp 


Port Input Hold Time 


50 




ns 


tSBF 


Strobe to Buffer Full 




400 


ns 


tss 


Strobe Width 


200 




ns 


tRBE 


READ to Buffer Empty 




400 


ns 


tsi 


Strobe to INTR On 




400 


ns 


tRDI 


READ to INTR Off 




400 


ns 


tpss 


Port Setup Time to Strobe Strobe 


50 




ns 


tPHS 


Port Hold Time After Strobe 


120 




ns 


tSBE 


Strobe to Buffer Empty 




400 


ns 


tWBF 


WRITE to Buffer Full 




400 


ns 


twi 


WRITE to INTR Off 




400 


ns 


tjL 


TIMER-IN to TIMER-OUT Low 




400 


ns 








400 




tjH 


TIMER-IN to TIMER-OUT High 


ns 


tpDE 


Data Bus Enable from READ Control 


10 




ns 


tl 


TIMER-IN Low Time 


80 




ns 


t2 


TIMER-IN High Time 


120 




ns 



I 
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WAVEFORMS 

a. Read Cycle 



\ 



\ 



X 



z 



z 



/ \ 



X 



\ 



:> — iZK 



DATA VALID 



"*" *RnF ♦" 



\ 






r 



b. Write Cycle 



\ 



A. 



j: 



z 



z 



:ez2: 



X 



X 



X 



> 



■^ 



y 



\ 



/r 



_/" 



\ ,/^ 



Figure 10. M8155 Read/Write Timing Diagrams 
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M8155 



a. Strobed Input Mode 



STROBE 



INPUT DATA 
FROM PORT 



A 



^W-^' 



X 



/ 



X 



Y 



\ 



^.^^y 



b. Strobed Output Mode 



OUTPUT DATA 
TO PORT 



J 



\ 



\.z_y' 



i: 



V 




^^^_7^ 



/ 



Figure 11. Strobed I/O Timing 



14-96 



M8155 



a. Basic Input Mode 



X 



\ 7' 



X 



ft;; 









DC 



b. Basic Output Mode 



^ ?' 



*DATA BUS TIMING IS SHOWN IN FIGURE 7. 



■*-^\fjp- 



^ ^ """ 



X 



Figure 12. Basic I/O Timing Wavefore 



LOAD COUNTER FROM CLR 
2 I 




TIMER OUT 
(SQUARE WAVE) 



N0TE1: THE TIMER OUTPUT IS PERIODICIF IN AN AUTOMATIC 
RELOAD MODE (M. MODE BIT= 1) 



Figure 13. Timer Output Waveform Countdown from 5 to 1 
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•?'if > . 



M8257 "''^H/ >,,:••: 

PROGRAMMABLE DMA CONTROLLER %1 



Full Military Temp. Range 
-55*>Cto125^C 

4-Channel DMA Controller 

Priority DMA Request Logic 

Channel Inhibit Logic 



■ Terminal Count and Modulo 128 
Outputs 

■ Single TTL Clock 

■ Single + 5V Supply 

■ Auto Load Mode 



The Intel® M8257 is a 4-channel direct memory access (DMA) controller. It is specifically designed to simplify the 
transfer of data at high speeds for the Intel® microcomputer systems. Its primary function is to generate, upon a 
peripheral request, a sequential memory address which will allow the peripheral to read or write data directly to or 
from memory. Acquisition of the system bus in accomplished via the CPU's hold function. The M8257 has priority logic 
that resolves the peripherals requests and issues a composite hold request to the CPU. It maintains the DMA cycle 
count for each channel and outputs a control signal to notify the peripheral that the programmed number of DMA 
cycles is complete. Other output control signals simplify sectored data transfers. The M8257 represents a significant 
savings in component count for DMA-based microcomputer systems and greatly simplifies the transfer of data at high 
speed between peripherals and memories. 



PIN CONFIGURATION 



BLOCK DIAGRAM 



l/ORC 

i/owC 
memrC 

MEMWC 

markC 
readyC 

hldaC 
adstbC 

AENC 

hrqC 

csC 

clkC 

resetC 

DACK 2 C 

dackIC 

DRQ3C 
DRQ2(I 

drq iC 

DRQOC 
GND 



'40 3A7 

39 ZJAg 

38 DA5 

37 DA4 

36 DTC 

35 DA3 



C 20 



DA2 

:]Ai 

DAo 
IDVcc 

DD3 

130^ 

;Ddacko 

I] DACK 1 
3De 

3d, 



PIN NAMES 



1/0R-" 

l/OW- 



CLK- 
RESET- 



D7-D0 


DATA BUS 


AEN 


ADDRESS ENABLE 


A7A0 


ADDRESS BUS 


ADSTB 


ADDRESS STROBE 


i75R 


I/O READ 


TC 


TERMINAL COUNT 


[75w 


I/O WRITE 


MARK 


MODULO 128 MARK 


MlM?^ 


MEMORY READ 


DRQ3DRQ0 


DMA REQUEST 
INPUT 


MEMW 


MEMORY WRITE 


DACK3DACK0 


DMA ACKNOWLEDGE 
OUT 


CLK 


CLOCK INPUT 


RESET 


RESET INPUT 


CS 


CHIP SELECT 


READY 


READY 


Nfcc 


+5 VOLTS 


HRQ 


HOLD REQUEST 
(TO 8080A) 


GND 


GROUND 




HLDA 


HOLD ACKNOWLEDGE 
(FROM8080A) 





READY - 

HRQ - 
HLDA- 
MEMR-" 
MEMW '« 
AEN - 
ADSTB -« 

TC < 



yi K DATA /I \ 

^T°0\ 8 ) BUS C ) 

Nl ^ BUFFER N ^ 



WRITE 
LOGIC 



READ/ /I K 



CONTROL 
LOGIC 

AND 
MODE 

SET 

REG. 



o 



c 



c 



c 



c 



:> 



:> 



> 



> 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias -55*0 to 125*'C 

Storage Temperature -BSX to + 150*0 

Voltage on Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1 Watt 



*COMMENT: Stresses above those listed under "Absolute Maxtmtum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect device reliability. 



D.C. CHARACTERISTICS 

Ta= -55°Cto125°C,Vcc= +5V ±10%,GND = 0V 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


TEST CONDITIONS 


V|L 


Input Low Voltage 


-0.5 


0.8 


Volts 




VlH 


Input High Voltage 


2.2 


VCC+.5 


Volts 




Vol 


Output Low Voltage 




0.45 


Volts 


IOL = 1-6mA 


VOH 


Output High Voltage 


2.4 


Vcc 


Volts 


bH=-150MAfor AB, 
DBandAEN 
'OH=-80iuA for others 


Vhh 


HRQ Output High Voltage 


3.3 


Vcc 


Volts 


loH = -SOjuA 


•cc 


Vcc Current Drain 




120 


mA 




i|L 


Input Leakage 




±10 


fiA 


V|N = Vcc to OV 


lOFL 


Output Leakage During Float 




±10 


ma 


VOUT = Vcc to OV 



CAPACITANCE 



Ta = 25°C; V 


.C = GND = OV 












SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


TEST CONDITIONS 


C|N 


Input Capacitance 






10 


pF 


fc= 1MHz 


Ci/o 


I/O Capacitance 






20 


pF 


Unmeasured pins 
returned to GND 
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M8257 
A.C. CHARACTERISTICS: PERIPHERAL (SLAVE) MODE 

Ta= -55"Cto 125 "0,700= 5.0V ± 10%; GND = OV (Note 1). 
8080 Bus Parameters 
Read Cycle: 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


Tar 


Adr or CSi Setup to RDI 







ns 




Tra 


Adr or CSt Hold from RDt 







ns 




Trd 


Data Access from RDi 





300 


ns 


(Note 2) 


Tdf 


DB-^FIoat Delay from RDt 


20 


150 


ns 




Trr 


RD Width 


250 




ns 




Write Cycle: 


Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


Taw 


Adr Setup to WRi 


20 




ns 




TwA 


Adr Hold from WRt 


35 




ns 




Tdw 


Data Setup to WRt 


200 




ns 




TwD 


Data Hold from WRt 







ns 




Tww 


WR Width 


175 




ns 




Other Timing: 


Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


Trstw 


Reset Pulse Width 


300 




ns 




Trstd 


Power Supplyt (Voo) Setup to Reseti 


500 




IAS 




Tr 


Signal Rise Time 




20 


ns 




Tf 


Signal Fall Time 




20 


ns 




Trsts 


Reset to First l/OWR 


2 




tcY 





Notes: 1. All timing measurements are made at the following reference voltages unless specified otherwise: Input "1" at 2.0V, "0" at 0.8V 
2. M8257: Cl= 100 pF, 8257-5: Cl= 150 pF. Output "1" at 2.0V, "0" at 0.8V 



M8257 PERIPHERAL MODE TIMING DIAGRAMS 



Write Timing: 



^. 



ADDRESS BUS 



CDt 



'•ur 



Reset Timing: 



7^1^. 




.f 



^WA 



X 



'RSTS 'WW 



Read Timing: 

CHIP SELECT 



^. 



ADDRESS BUS 



zd: 



Trd- 



"'s '^"'^ I^ 



DATA BUS 

Input Waveform for A.C. Tests: 



.r 



X 



^ZZt 
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M8257 
A.C. CHARACTERISTICS: DMA (MASTER) MODE 

Ta= -55°Cto125''C,Vcc= +5V ±10%,GND = 0V 



Timing Requirements 






;,V, '<■ 


Symbol 


Parameter 


mn. 


Max. 


Unit 


TCY 


Cycle Time (Period) 


0.320 


4 


MS 


Te 


Clock Active (High) 


120 


.8TcY 


ns 


Tqs 


DRQt Setup to el (SI, S4) 


120 




ns 


Tqh 


DRQI Hold from HLDAt^'^l 







ns 


Ths 


HLDAtorlSetupto0i(SI, S4) 


100 




ns 


Trs 


READY Setup Time to 0t (S3, Sw) 


30 




ns 


Trh 


READY Hold Time from 0t (S3, Sw) 


20 




ns 



Note: 4. Tracking Parameter. 



Tracking Parameters 

Signals labeled as Tracking Parameters (footnotes 4-7 under A.C. Specifications) are signals that follow similar paths 
through the silicon die. The propagation speed of these signals varies in the manufacturing process but the rela- 
tionship between all these parameters is constant. The variation is less than or equal to 50 ns. 

Suppose the following timing equation is being evaluated, 

Ta(min) + Tb(max) ^150 ns 
and only minimum specifications exist for Ta and Tb- If Ta(min) is used, and if Ta and Te are tracking parameters, 
Tb(max) can be taken as Tb(min) + ^ ns. 

Ta(Min) + n"B(MiN)* + 50 ns) < 150 ns 
*lf Ta and Tb are tracking parameters 
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M8257 
A.C. CHARACTERISTICS: DMA (MASTER) MODE 

Ta= -55"'Cto125''C, Vcc= +5V ±10%,GND = 0V 
Timing Responses 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Tdq 


HRQt or IDelay from 0t(SI,S4) 
(measured at 2.0V)[''J 




180 


ns 


Tdqi 


HRQt or iDelay from 0t(SI,S4) 
(measured at 3.3V)f3) 




270 


ns 


Tael 


AENt Delay from 01(81)^1 




300 


ns 


Taet 


AENi Delay from 0t(SI)ni 




200 


ns 


Taea 


Adr(AB)(Active) Delay from AENt(S1)I^J 


20 




ns 


TpAAB 


Adr(AB)(Active) Delay from 0t(S1)[2] 




270 


ns 


Tafab 


Adr(AB)(Float) Delay from 0t(SI)I2] 




200 


ns 


Tasm 


Adr(AB)(Stable) Delay from 01(81)^ 




250 


ns 


Tah 


Adr(AB)(Stable) Hold from 0t(S1)I2] 


Tasm -50 




ns 


Tahr 


Adr(AB)(Valid) Hold from Rdt(81, 81)^41 


60 




ns 


Tahw 


Adr(AB)(Valid) Hold from Wrt(81, S\p^ 


300 




ns 


TpADB 


Adr(DB)(Active) Delay from 0t(81)I2] 




300 


ns 


Tafdb 


Adr(DB)(Float) Delay from 0t(S2)f2] 


TsTT+20 


250 


ns 


Tass 


Adr(DB) 8etup to Ad r8tbl(8 1-82)14] 


100 




ns 


Tahs 


Adr(DB)(Valld) Hold from Adr8tb^(82)[4] 


50 




ns 


TSTL 


Adr8tbt Delay from 0t(81)IiJ 




200 


ns 


TsTT 


AdrStbiDelay from 01(82)11] 




160 


ns 


Tsw 


Adr8tb Width (81-S2)t4] 


TcY-100 




ns 


Tasc 


Rdi or Wr(Ext)l Delay from Adr8tbl(82)f4] 


70 




ns 


Tdbc 


Rdi or Wr(Ext)l Delay from Adr(DB) 
(Float)(82)[4] 


20 




ns 


Tak 


DACKt or IDelay from 01(82, 81) and 
TC/Markt Delay from 0t(83) and 
TC/Marki Delay from 0t(84)n.5] 




270 


ns 


Tdcl 


Rdi or Wr(Ext)i Delay from 0t(82) and 
Wri Delay from 0t(83)[2.6] 




250 


ns 


Tdct 


Rdt Delay from 01(81, 81) and 
Wrt Delay from 0t(S4)l2.7] 




200 


ns 


^FAC 


Rd or Wr(Active) from 0t(81)f2] 




300 


ns 


1"afc 


Rd or Wr(Float) from 0t(SI)f2] 




170 


ns 


Trwm 


Rd Width (82-81 or 81)1^1 


2TcY + T0-5O 




ns 


TwwM 


Wr Width (83-84)14] 


TcY-50 




ns 


TwWME 


Wr(Ext) Width (82-84)14] 


2TCY-50 




ns 



Notes: 1. Load = 1TTL. 2. Load = 1 TTL + 50 pF. 3. Load= 1 TTLh-(Rl=3.3K), Voh = 3.3V. 4. Tracking Parameter. 
5. ATak < 50 ns. 6. ATpcL < 50 ns. 7. ATdcT < 50 ns. 
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M8257 



DMA MODE WAVEFORMS 



CONSECUTIVE CYCLES AND BURST MODE SEQUENCE 



CLOCK 
NOTE: The clock waveform is 

duplicated for clarity. 5, 
The M8257 requires 
only one clock input. 




SI SO SI 82 S3 S4 SI S2 S3 84 SI SI 



Figure 12. Consecutive Cycles and Burst Mode Sequence 
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M8257 



.55*,,. 






^ 



1 ^' 


1 '' 


S3 


S4 1 


SI 




1 so 


-rs 


s, 1 


S2 


X 


^ 














— 








— Ths 






V 


r 


h 














T«L- 


- 





/'1 1 






Figure 13. Control Override Sequence 




WEM HD/Uom 



\. 



.J ^ 



.J- 



^. 



^ 



/ 

7 ^ 



v 



jL 



X 



Figure 14. Not Ready Sequence 
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M8259 
PROGRAMMABLE INTERRUPT CONTROLLER 



Full Military Temperature Range 
-55*^Cto +125^C 

Eight Level Priority Controller 

Expandable to 64 Levels 

Programmable Interrupt Modes 



Individual Request Mask Capability 
Single + 5V Supply (No Clocks) 

28-Pin Dual-ln-Line Package 

Fully Compatible with Intel CPUs 



The M8259 handles up to eight vectored priority interrupts for the CPU. It is cascadable for up to 64 vectored priority 
interrupts, without additional circuitry. It will be packaged in a 28-pin plastic DIP, uses nMOS technology and requires 
a single +5V supply. Circuitry is static, requiring no clock input. 

The M8259 Is designed to minimize the software and real time overhead in handling multi-level priority interrupts. It 
has several modes, permitting optimization for a variety of system requirements. 



PIN CONFIGURATION 



BLOCK DIAGRAM 



csC 
wrC 
rdC 
^C 

D3C 

CASOC 
CASlC 

gndC 



1 ^ 28 


HVcc 


2 27 


13 Ao 


3 26 


JINTA 


4 25 


I]lR7 


5 24 


DIR6 


6 23 


DlR5 


' M8259 " 

8 21 


DtR4 
DlR3 


9 20 


:]IR2 


10 19 


DiRi 


11 18 


I]IR0 


12 17 


DINT 


13 16 


DSP 


14 15 


I1CAS2 


DIN NAMF<; 





D7-D0 


DATA BUS (BI-DIRECTIONAL) 


RD 


READ INPUT 


WR 


WRITE INPUT 


% 


COMMAND SELECT ADDRESS 


CS 


CHIP SELECT 


CAS1-CA90 


CASCADE LINES 


SP 


SLAVE PROGRAM INPUT 


INT 


INTERRUPT OUTPUT 


INTA 


INTERRUPT ACKNOWLEDGE INPUT 


iR0-IR7 


INTERRUPT REQUEST INPUTS 



"'""O 



DATA 
BUS 

BUFffR 



C^ 



READ/ 
WRITE 
LOGIC 



CASO - 
CAS1 - 
CAS 2 - 



CASCADE 

BUFFER/ 

COMPARATOR 



CONTROL LOGIC 



n 



SERVICE 
REG 

(ISR) 



c 



PRIORITY 
RESOLVER 



E 



INTERRUPT 

REQUEST 

REG 

(IRR) 



-IR1 
-IR2 
-IR3 
-IR4 
-IR5 
-IR6 
-IR7 



A^. 



INTERRUPT MASK REG 

(IMR) 



^INTERNAL BUS 
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M8259 



WAVEFORMS 



READ TIMING 



CHIP SELECT 



■^. 



ADDRESS BUS 



~y: 



y^i" 



DATA BUS \ \\ VhIGH IMPEDANCE \\V 



/ 



--Tra 



*-Tdf 



^:^^;^^ 



WRITE TIMING 



^. 



Taw- 



ADDRESSBUS 




h H 



■/■ 



X 



X 



V " * ^WD-*\ 



'^^^^ 



OTHER TIMING 



»INT -^ 



r 



DB ^ \\ HIGH IMPEDANCE XWJ 



"V 



\ © / \ ® / 



NOTE: INTERRUPT REQUEST MUST REMAIN "HIGH" (AT LEAST) UNTIL LEADING EDGE OF FIRST INTA. 



A. 
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A.C. CHARACTERISTICS Ta = 

BUS PARAMETERS 
Read 



M8259 



55Xto +125°C; Vcc= +5V ±10% GND = OV 



Note 1: Cl=100 pF. 



INPUT WAVEFORMS FOR A.C. TESTS 



Symbol 


Parameter 


Min. 


Max. 


Unit 


tAR 


CS/Ao Stable Before RD or INTA 


50 




ns 


tRA 


CS/Ao Stable After RD or INTA 


5 




ns 


^RR 


RD Pulse Width 


420 




ns 


^RD 


Data Valid From RD/INTAH] 




360 


ns 


tDF 


Data Float After RD/INTA 


20 


200 


ns 


Write 


Symbol 


Parameter 


Min. 


Max. 


Unit 


Uw 


Ao Stable Before WR 


50 




ns 


^WA 


Ao Stable After WR 


20 




ns 


tww 


WR Pulse Width 


420 




ns 


tow 


Data Valid to WR(T.E.) 


300 




ns 


twD 


Data Valid After WR 


40 




ns 


Other Timings 


Symbol 


Parameter 


Min. 


Max. 


Unit 


h\N 


Width of Interrupt Request Pulse 


100 




ns 


hm 


INTt After IRt 


400 




ns 


tic 


Cascade Line Stable After INTAt 


400 




ns 




0.45 
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M8259 



ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias. . . - SS'C to + 125*C 

Storage Temperature -BS^C to + 150X 

Voltage On Any Pin With Respect 

to Ground - 0.5V to + 7V 

Power Dissipation 1 Watt 



*COMMENT: Stresses above those listed under "Absolute MaxiwaiW 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. 



D.C. CHARACTERISTICS T. 



-55Xto +125X; Vcc = 5V ±10% 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


V,L 


Input Low Voltage 


-0.5 


0.8 


V 




V,H 


Input High Voltage 


2.0 


Vcc +0.5 


V 




Vol 


Output Low Voltage 




0.45 


V 


loL=2 mA 


Vqh 


Output High Voltage 


2.4 




V 


Ioh=-400mA 


Vqh-int 


Interrupt Output High Voltage 


2.4 
3.5 




V 
V 


Ioh=-400mA 
Ioh=-50mA 


'iMIRo-/) 


Input Leakage Current 
for IRo-7 




-300 
10 


mA 


V,N = OV 
V,N = Vcc 


l|L 


Input Leakage Current for Other Inputs 




10 


mA 


V|N = VcctoOV 


'OFL 


Output Float Leakage 




±10 


mA 


VouT= 0.45V to Vcc 


Ice 


Vcc Supply Current 




100 


mA 




CAPACIT/ 


^NCE Ta=25X; Vcc = GND = OV 






Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


C|N 


Input Capacitance 






10 


PF 


fc=1 MHz 




C|/0 


I/O Capacitance 






20 


PF 


U 


nmeasured pins returned to Vss 




14-108 



M8259 



Read Status/Poll Mode 



"V 



J V 



J 



\_ 


/ 










\^ 


/ 








'//////////< 


°-3 \///////////m 
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■ 



intel 



M8048/M8748/M8035 






SINGLE COMPONENT 8-BIT MICROCOMPUTER 



'fw. 






*8048 Mask Programmable ROM 

*8748 User Programmable/Erasable EPROM 

^8035 External ROM or EPROM 



-55° C to +125°C Operation 
(M8048/M8035L) 

-55° C to +100°C Operation 

(M8748/M8035) 

8-Bit CPU, ROM, RAM, I/O in 

Single Package 

Interchangeable ROM and EPROM 
Versions 

Single 5V Supply 

2.5 Msec and 5.0 Msec Cycle Versions 
All Instructions 1 or 2 Cycles. 



Over 90 Instructions: 70% Single Byte 

1Kx 8R0M/EPR0M 
64 X 8 RAM 
27 I/O Lines 

Interval Timer/Event Counter 

Easily Expandable Memory and I/O 

Compatible with 8080/8085 Series 
Peripherals 

Single Level Interrupt 



The Intel® M8048/M8748/M8035/M8035L is a totally self-sufficient 8-bit parallel computer fabricated on a single silicon 
chip using Intel's N-channel silicon gate MOS process. 

The M8048 contains a IK x 8 program memory, a 64 x 8 RAM data memory, 27 I/O lines, and an 8-bit timer/counter in 
addition to on-board oscillator and clock circuits. For systems that require extra capability, the M8048 can be expanded 
using standard memories and MCS-80^7MCS-85^"* peripherals. The M8035 is the equivalent of an M8048 without program 
memory. The M8035L has the RAM power down mode of the M8048 while the M8035 does not. To reduce development 
problems to a minimum and provide maximum flexibility, three interchangeable pin-compatible* versions of this single 
component microcomputer exist: the M8748 with user-programmable and erasable EPROM program memory for 
prototype and preproduction systems, the M8048 with factory-programmed mask ROM program memory for low cost, 
high volume production, and the M8035 without program memory for use with external program memories. 

This microprocessor is designed to be an efficient controller as well as an arithmetic processor. The M8048 has extensive 
bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory results 
from an instruction set consisting mostly of single byte instructions and no instructions over 2 bytes in length. 



PIN CONFIGURATION 




LOGIC SYMBOL 



TEST J 



^O 



M8048 



CO^" 



Ci>=°" 



PROGRAM 

► STORE 
ENABLE 

ADDRESS 

► LATCH 
ENABLE 



PORT 
►EXPANDER 
STROBE 



8BIT 
CPU 



BLOCK DIAGRAM 



1024 WORDS 
PROGRAM 
MEMORY 



7\ 



\7 



8BIT 

TIMER/ 

EVENT COUNTER 



64 WORDS 

DATA 
MEMORY 



7> 



14-110 



M8048/M8748/M8035 



CRYSTAL OSCILLATOR MODE 



DRIVING FROM EXTERNAL SOiUCE 



0- 15pF 

(INCLUDES XTAL, -i- 

SOCKET, STRAY) 



1-6 mHz 



15-25 pF =: 
(INCLUDES SOCKET, 

STRAY) -±r 



CRYSTAL SERIES RESISTANCE SHOULD BE <75n AT 6 MHz, <180n AT 3.6 MHz. 



-o 




l'.J,>n">'""!v' . 



BOTH XI AND X2 SHOULD BE DRIVEN. 

RESISTORS TO Vcc ARE NEEDED TO ENSURE Vih = 3.8V IF TTL CIRCUITRY IS 

USED. THE MINIMUM HIGH AND THE MINIMUM LOW TIMES ARE 45%. 



LC OSCILLATOR MODE 



45 mH 20 pF 5.2 MHz 

120mH 20 pF 3.2 MHz 




_,_ C + 3Cpp 



Cpp = 5-10pF PINTO-PIN 
CAPACITANCE 



EACH C SHOULD BE APPROXIMATELY 20 pF, INCLUDING STRAY CAPACITANCE. 



PROGRAMMING, VERIFYING, AND 
ERASING THE 8748 EPROM 



Programming Verification 

In brief, the programming process consists of: activating 
the program mode, applying an address, latching the 
address, applying data, and applying a programming pulse. 
Each word is programmed completely before moving on to 
the next and is followed by a verification step. The follow- 

tion of their functions: 



Pin 


Function 


XTAL1 


Clock Input (1 to6MHz) 


Reset 


Initialization and Address Latching 


TestO 


Selection of Program or Verify Mode 


EA 


Activation of Program/Verify Modes 


BUS 


Address and Data Input 




Data Output During Verify 


P20-1 


Address Input 


Vdd 


Programming Power Supply 


PROG 


Program Pulse Input 



WARNING: 

An attempt to program a missocketed 8748 will result in severe 
damage to the part. An indication of a properly socketed part is the 
appearance of the ALE clock output. The lack of this clock may 
be used to disable the programmer. 

The Program/Verify sequence is: 

1 . Vpp = 5v, Clock applied or internal oscillator operating, 
RESET = Ov, TEST = 5v, EA = 5v, BUS and PROG 
floating. 



2. 
6. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 



Insert 8748 in programming socket 
I tbi U = uv iseiect program mooe; 
EA = 23V (activate program mode) 
Address applied to BUS and P20-1 



RESET = 5v (latch address) 

Data applied to BUS 

Vpp = 25v (programming power) 

PROG = Ov followed by one 50ms pulse to 23V 



'DD 



= 5v 



TEST = 5v (verify mode) 
Read and verify data on BUS 
TEST = Ov 



RESET = Ov and repeat from step 5 

Programmer should be at conditions of step 1 when 8748 
is removed from socket. 
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AC TIMING SPECIFICATION FOR PROGRAMMING 

Ta = 25°C ± S'C, Vcc = 5V ± 5%, Vdd = 25V ± IV 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions ' 


tAW 


Address Setup Time to RESET ! 


4tcy 








tWA 


Address Hold Time After RESET f 


4tcy 








tow 


Data in Setup Time to PROG 1 


4tcy 








tWD 


Data in Hold Time After PROG 1 


4tcy 








tPH 


RESET Hold Time to Verify 


4tcy 








tVDDW 


Vdd 


4tcy 








tVDDH 


Vdd Hold Time After PROG i 











tpw 


Program Pulse Width 


50 


60 


mS 




tTW 


Test Setup Time for Program Mode 


4tcy 








tWT 


Test Hold Time After Program Mode 


4tcy 








too 


Test to Data Out Delay 




4tcy 






tww 


RESET Pulse Width to Latch Address 


4tcy 








tr. tf 


Vdd and PROG Rise and Fall Times 


0.5 


2.0 


MS 




tCY 


CPU Operation Cycle Time 


5.0 




MS 




tRE 


RESET Setup Time Before EA f. 


4tcy 












Note: If Test is high too can be triggered by RESET t. 

DC SPECIFICATION FOR PROGRAMMING 

Ta = 25°C ± 5°C, Vcc = 5V ± 5%, Vdd = 25V ± 1V 



Symbol 


Parameter 


Min. 


IVIax. 


Unit 


Test Conditions 


Vdoh 


Vdd Program Voltage High Level 


24.0 


26.0 


V 




Vddl 


Vdd Voltage Low Level 


4.75 


5.25 


V 




VPH 


PROG Program Voltage High Level 


21.5 


24.5 


V 




VPL 


PROG Voltage Low Level 




0.2 


V 




Veah 


EA Program or Verify Voltage High Level 


21.5 


24.5 


V 


8748 


Veahi 


EA1 Verify Voltage High Level 


11.4 


12.6 


V 


8048 


Veal 


EA Voltage Low Level 




5.25 


V 




Idd 


Vdd High Voltage Supply Current 




30.0 


mA 




IPROG 


PROG High Voltage Supply Current 




16.0 


mA 




lEA 


EA High Voltage Supply Current 




1.0 


mA 





14-112 



M8048/M8748/M8035 



WAVEFORMS FOR PROGRAMMING 

COiy/TBINATION PROGRAM/VERIFY MODE (EPROM'S ONLY) 
^ / 



RfSft 



DB0-DB7 



P20-P1 



+5- 
+23- 



+5- 
+0 



tAw -H ^ 



/ 



/ 



LAST 
ADDRESS 



/ ADDRESS \^ 
"\^ (0-7) VALID yy 



DATA TO BE 
PROGRAMMED VALID 



ADDRESS (8-9) VALID 




\ 



-tVDDH 

I twT- 



-• VERIFY f 



\ 



■* — too — A 

\___ / Y DATaV __^ / NEXT ADDR \/^ 

/■ ^ A '^A'^'" / " — \ VAL'D A 



U...V 



X 



NEXT 
ADDRESS 



■^ 



VERIFY MODE (ROM/EPROM) 



TO,RESET \ 




/ V 




/ \ 


DB0-DB7 \- — 


-<. 


ADDRESS \/ DATA OUT \ 
(0-7) VALID A VALID y— — 


-^ 


NEXT \/ NEXT DATA \^ 
ADDRESS A OUT VALID >— — — 


r^o-r^ 


"A/~" 


" 




— — ,...n 



NOTES: 

1. PROG MUST FLOAT IF EA IS LOW (i.e., =^23V), OR IF TO = 5V FOR THE 8748. FOR THE 
8048 PROG MUST ALWAYS FLOAT. 

2. Xi AND X2 DRIVEN BY 3 MHz CLOCK WILL GIVE Bytsec tcY- THIS IS ACCEPTABLE FOR ALL PARTS. 



The 8748 EPROM can be programmed by either of two 
Intel products: 

1. PROMPT-48 Microcomputer Design Aid, or 

2. Universal PROM Programmer (UPP Series) 
peripheral of the Intellec® Development System v^/ith a 
UPP-848 Personality Card. 
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INSTRUCTION SET 



Description 



Bytes Cycle 



Description 



Bytes byclts 





ADD A, R 


Add register to A 






ADD A, @R 


Add data memory to A 






ADD A, #data 


Add immediate to A I 






ADDC A, R 


Add register with carry 






ADDC A, @R 


Add data memory with carry 






ADDC A, #clata 


Add immediate with carry : 






ANL A, R 


And register to A 






ANL A, @R 


And data memory to A 






ANL A, #clata 


And immediate to A J 






ORL A, R 


Or register to A 




2 


ORL A, @R 


Or data memory to A 




3 

E 

3 


ORL A, #data 


Or immediate to A i 




XRL A, R 


Exclusive or register to A 




1 


XRL A, @R 


Exclusive or data memory to A 






XRL A, #data 


Exclusive or immediate to A J 






INC A 


Increment A 






DEC A 


Decrement A 






CLR A 


Clear A 






CPL A 


Complement A 






DA A 


Decimal adjust A 






SWAP A 


Swap nibbles of A 






RL A 


Rotate A left 






RLCA 


Rotate A left through carry 






RR A 


Rotate A right 






RRC A 


Rotate A right through carry 






IN A, P 


Input port to A 


2 




OUTL P, A 


Output A to port 


2 




ANL P, #data 


And immediate to port J 


I 2 




ORL P, #data 


Or immediate to port J 


I 2 


3 
Q, 


INS A, BUS 


Input BUS to A 


2 


55 


OUTL BUS, A 


Output A to BUS 


2 


ANL BUS, #data 


And immediate to BUS 


I 2 


c 


ORL BUS, #data 


Or immediate to BUS : 


I 2 




MOVD A, P 


Input expander port to A 


2 




MOVD P, A 


Output A to expander port 


2 




ANLD P, A 


And A to expander port 


2 




ORLD P, A 


Or A to expander port 


2 


(0 


INC R 


Increment register 


1 




INC @R 


Increment data memory 


1 


K 


DECR 


Decrement register 


1 





JMPaddr 


Jump unconditional 


2 


2 




JMPP@A 


Jump' indirect 


1 


2 




DJNZ R, addr 


Decrement register and skip 


2 


2 




JCaddr 


Jump on carry = 1 


2 


2 




JNC addr 


Jump on carry = 


2 


2 




JZ addr 


Jump on A zero 


2 


2 


x: 


JNZaddr 


Jump on A not zero 


2 


2 


c 


JTO addr 


Jump on TO = 1 


2 


2 


m 


JNTO addr 


Jump on TO = 


2 


2 




JT1 addr 


Jump on T1 = 1 


2 


2 




JNT1 addr 


Jump on T1 = 


2 


2 




JFOaddr 


Jump on FO = 1 


2 


2 




JF1 addr 


Jump on F1 = 1 


2 


2 




JTF addr 


Jump on timer flag 


2 


2 




JNI addr 


Jump on INT = 


2 


2 




JBb addr 


Jump on accumulator bit 


2 


2 





CALL 


Jump to subroutine 2 2 


RET 


Return 


2 


t 


RETR 


Return and restore status i 


2 




CLR C 


Clear carry 






CPLC 


Complement carry 




o> 


CLR FO 


Clear flag 




I 


CPL FO 


Complement flag 






CLR F1 


Clear flag 1 






CPL F1 


Complement flag 1 






MOV A, R 


Move register to A 






MOV A, @R 


Move data memory to a 






MOV A, #data 


Move immediate to A J 


I 2 




MOV R, A 


Move A to register 






MOV@R, A 


Move A to data memory 






MOV R, #data 


Move immediate to register J 


I 2 


> 


MOV @R, #data 


Move immediate to data memory J 


I 2 


^ 


MOV A, PSW 


Move PSW to A 




I 


MOV PSW, A 


Move A to PSW 




o 


XCH A, R 


Exchange A and register 






XCHA. @R 


Exchange A and data memory 






XCHD A, @R 


Exchange nibble of A and register 






MOVX A, @R 


Move external data memory to A 


2 




MOVX @R, A 


Move A to external data memory 


2 




MOVP A, @A 


Move to A from current page 


2 




M0VP3 A, @A 


Move to A from page 3 


2 




MOV A, T 


Read timer/counter 




5 


MOV T, A 


Load timer/counter 




c 

3 


STRTT 


Start timer 




o 


STRT CNT 


Start counter 




1= 


STOP TCNT 


Stop timer/counter 




EN TCNTI 


Enable timer/counter interrupt 






DIS TCNTI 


Disable timer/counter interrupt 






EN 1 


Enable external interrupt 






DIS 1 


Disable external interrupt 




o 


SEL RBO 


Select register bank 




o 


SEL RBI 


Select register bank 1 




o 


SEL MBO 


Select memory bank 






SEL MB1 


Select memory bank 1 






ENTO CLK 


Enable clock output on TO 





No operation 



Mnemonics copyright Intel Corporation 1978 
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PIN DESCRIPTION 

Designation Pin # 



Function 



Designation Pin# 



Function 



Vss 

VdD 



VCC 
PROG 



P10-P17 
Port 1 
P20-P27 
Port 2 



DB0-DB7 
BUS 



TO 



T1 



20 Circuit GND potential 

26 Programming power supply; +25V 
during program, 4-5V during oper- 
ation for both ROM and PROM. 
Low power standby pin in 8048 
and 8035L. 

40 Main power supply; +5V during 
operation and programming. 

25 Program pulse (+23V) input pin 
during 8748 programming. 

Output strobe for 8243 I/O ex- 
pander. 

27-34 8-bit quasi-bidirectional port. 

21-24 8-bit quasi-bidirectional port. 

35-38 P20-P23 contain the four high 
order program counter bits during 
an external program memory fetch 
and serve as a 4-bit I/O expander 
bus for 8243. 

12-19 True bidirectional port which can 
be written or read synchronously 
using the RD, WR strobes. The 
port can also be statically latched. 

Contains the 8 low order program 
counter bits during an external 
program memory fetch, and re- 
ceives the addressed instru ction 
under the control of PSEN. Also 
contains the address and data 
during an external RAM data store 
instruction, under control of ALE, 
RD, and WR. 

1 input pin testable using the con- 
ditional transfer instructions JTO 
and JNTO. TO can be designated as 
a clock output using ENTO CLK 
instruction. TO is also used during 
programming. 

39 Input pin testable using the JT1, 

designated the timer/counter in- 
put using the STRT CNT in- 
struction. 



INT 



RD 



RESET 



WR 



ALE 



PSEN 



SS 



EA 



XTAL1 



XTAL2 



6 Interrupt input. Initiates an intet-*^' 
rupt if interrupt is enabled. Inter- 
rupt is disabled after a reset. Also 
testable with conditional jump 
instruction. (Active low) 

8 Output strobe activated during a 
BUS read. Can be used to enable 
data onto the bus from an external 
device. 

Used as a read strobe to external 
data memory. (Active low) 

4 Input which is used to initialize the 
processor. Also used during 
PROM programming verification, 
and power down. (Active low) 
(NonTTL ViH) 

10 Output strobe during a bus write. 
(Active low) 

Used as write strobe to external 
data memory. 

11 Address latch enable. This signal 
occurs once during each cycle and 
is useful as a clock output. 

The negative edge of ALE strobes 
address into external data and pro- 
gram memory. 

9 Program store enable. This output 
occurs only during a fetch to exter- 
nal program memory. (Active low) 

5 Single step input can be used in 
junction with ALE to "single step" 
the processor through each in- 
struction. (Active low) 

7 External access input which forces 
all program memory fetches to re- 
ference external memory. Useful 
for emulation and debug, and 
essential for testing and program 
verification. (Active high) 

2 One side of crystal input for inter- 
nal oscillator, aiso mpui ror exter- 
nal source. (Non TTL Vih) 

3 Other side of crystal input. 
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A.C. CHARACTERISTICS (PORT 2 TIMING) 

Ta = -55°C to (100°C 8748/8035/1 25° C 8048/8035L), Vcc = 


+5V± 10%, Vss = OV 






Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


tCP 


Port Control Setup Before Falling 


115 




ns 






Edge of PROG 




tPC 


Port Control Hold After Falling 


65 




ns 






Edge of PROG 




tPR 


PROG to Time P2 Input Must Be Valid 




860 


ns 




tPF 


Input Data Hold Time 





160 


ns 




top 


Output Data Setup Time 


230 




ns 




tPD 


Output Data Hold Time 


25 




ns 




tpp 


PROG Pulse Width 


920 




ns 




tPL 


Port 2 I/O Data Setup 


300 




ns 




tLP 


Port 2 I/O Data Hold 


120 




ns 





' .'If-;' f' 



PORT 2 TIMING 



V~A. 



EXPANDER 
PORT 



DC 



EXPANDER 
PORT 



DC 



X 



X 



y — V 



PORT 2o-3 DATA 



>: 



PORT 2o-3 DATA 



X 



PORT CONTROL 



>: 



PORT CONTROL 



f- 



OUTPUT DATA 



')^^: 



:c 



INPUT 
DATA 



:c 



^. 



/ 
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ABSOLUTE MAXIMUM RATINGS'^ 

Ambient Temperature Under Bias 'comment: 

8748/8035 -55** C to +100° C stresses above those listed under "Absolute Maximum Ratirtg^" 

8048/8035 L -55° C to +1 25° C '"^^ cause permanent damage to the device. This is a stress rating 

Storage Temperature ....[[.. . -65° C to +1 50° C °"'^ ^""^ functional operation of the device at these or any other 

w IX ^ « r^. ...... « conditions above those Indicated In the operational sections of this 

Voltage On Any Pm With Respect specification is not implied. 

to Ground -0.5 to +7V 

Power Dissipation 1 .5 Watt 



D.C.AND OPERATING CHARACTERISTICS 

Ta = -55°C to dOCC 8748/8035/1 25° C 8048/8035LI, Vcc = Vdd = +5V ± 10%, Vss = OV 



Symbol 


Parameter 


Limits 


Unit 


Test Conditions 




Min. 


Typ. 


Max. 




V,L 


Input Low Voltage 

(All Except RESET, X1,X2) 


-.5 




.7 


V 




V|L1 


Input Low Voltage 
(RESET, X1,X2) 


-.5 




.5 


V 




V,H 


Input High Voltage 


2.3 




Vcc 


V 






(All Except XTAL1, XTAL 2, RESET) 




V,H1 


Input High Voltage (RESET, X1, X2) 


3.8 




Vcc 


V 




Vol 


Output Low Voltage 
(BUS, RD, WR, PSEN, ALE) 






.45 


V 


lOL = 1.2mA 


V0L1 


Output Low Voltage 
(All Other Outputs) 






.45 


V 


lOL = 0.8mA 


VOH 


Output High Voltage (BUS) 


2.4 






V 


Ioh=-240mA 


V0H1 


Output High Voltage 
(RD, WR, PSEN, ALE) 


2.4 






V 


lOH = -50/uA 


V0H2 


Output High Voltage 
(All Other Outputs) 


2.4 






V 


lOH = -30mA 


Ili 


Input Leakage Current (T1, INT) 






±10 


hA 


Vss<V,N<Vcc 


Ilii 


Input Leakage Current 
(P10-P17, P20-P27, EA, SS) 






-700 


mA 


VSS+.45 <V|N <Vcc 


Ilo 


Output Leakage Current (BUS, TO) 
(High Impedance State) 






±10 


mA 


Vss+.45<V,N<Vcc 


•dd 


Vdd Supply Current 




10 


25 


mA 




'dd+ 'cc 


Total Supply Current 




80 


155 


mA 





BUS 



P1,P2 



BUS, P1, P2 





OV 2V 




OV 2V 4V 
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WAVEFORMS 

instruction Fetch From External Program Memory 





^ tLL ^ 




— tcv 












1 




-^ 


^AFC 


— ^— 


tCA 


h 




"A 


-- 






-^ t^L 




'dr 


^- 


Fl 


DATING \^ 


/ F 


LOATING V 


^ 


^ FLOATING V 



INSTRUCTION 



Write to External Data Memory 

ALE 



L 



BUS floatingYaddressVfloatingY data Y floating 



Read From External Data Memory 



J L 



J L 



|-*- ^CC ^1 tcA [* — 



BUS FLOATING NAdDRESsV^ /C^^^jIC FLOATING 



Input and Output Waveforms for A.C. Tests 
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A.C. CHARACTERISTICS 

Ta = -55°C to (100°C 8748/8035/1 25° C 8048/8035L), Vcc = Vdd = +5V ± 10%, Vss = OV 


Symbol 


Parameter 


8048 

8648 (Note 2) 

8748/8035/8035L 


8748 
8035 


Unit 


Conditions (Note 1) 




Min. 


Max. 


Min. 


Max. 




tLL 


ALE Pulse Width 


200 




300 




ns 




tAL 


Address Setup to ALE 


120 




120 




ns 




tLA 


Address Hold from ALE 


80 




80 




ns 




tec 


Control Pulse Width (PSEN, RD,WR) 


400 




600 




ns 




tpw 


Data Setup before WR 


420 




600 




ns 




tWD 


Data Hold After WR 


80 




120 




ns 


Cl = 20pF 


tCY 


Cycle Time 


2.5 


15.0 


4.17 


15.0 


MS 


(3.6 MHz 

XTAL 8748/8035) 


tOR 


Data Hold 





200 





200 


ns 




tRD 


PSEN, RD to Data In 




400 




600 


ns 




tAW 


Address Setup to WR 


230 




260 




ns 




Ud 


Address Setup to Data In 




600 




900 


ns 




tAFC 


Address Float to RD, PSEN 


-40 




-60 




ns 




tcA 


Control Pulse to ALE 


10 




10 




ns 




Note 1: Control outputs: Cl = 80 pF tcY = 2.5iUS for 8048/8035L 
BUS Outputs: Cl = 1 50 pF 4. 1 7^5 for 8748/8035 
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